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Foreword 


Prior to surgical procedures, the importance of the anatomy is often underesti¬ 
mated, and this despite the fact, that precise anatomical preparation during 
surgery is usually the safest route towards a successful outcome. There are a 
number of reasons that can explain the superiority of anatomical preparation 
in surgery. First of all, anatomical preparation per definition respects the 
grown structures in specific spaces with determined borders, thus permitting 
the definition of specific landmarks, more noble structures, and dependant 
territories. Respecting these known anatomical boundaries allows to avoid 
unnecessary tissue damage during and/or after the procedure and thus, 
impacts directly short and long term outcome. 

Nowadays it is a routine to check prior to a surgical procedure, whether the 
anatomy of a specific location or a patient respectively is normal, or if there are 
anomalies, and/or pathological structures. However, in order to assess the 
anatomy in a specific case, one has to know what the most frequent anatomical 
landscape looks like, and whether, effectively in a given situation the anatomy 
is standard or different. For a better understanding of the issues raised here, we 
like the wording “functional anatomy”, a term reminding us, that for most 
anatomical structures there is a reason to be there, to construct there, to con¬ 
nect there, to resist there, to move there, to pass there, and so forth... 

As a matter of fact numerous anatomists not only tried to identify specific 
bodily structures, but even more so worked on their interconnection in order 
to understand their function. Many of these efforts were made not that a long 
time ago by Andreas Vesalius (1514-1564) and his successors. Interestingly 
enough, it was very difficult in those days to have access to cadavers for dissec¬ 
tion, which may explain why mainly the bodies of executed criminals were 
used in those days. 

Already Vesalius had already described that the human heart had four 
chambers and that the blood vessels originated in the heart and not the liver. 
Of prime importance for cardio-vascular surgery was however the discovery of 
the circulation by William Harvey (1578 -1657), and the proof of the capillary 
connection between the right heart and the left heart by Marcello Malpighi 
(1628-1694), a discovery only possible by a microscope as described by Anto¬ 
nie van Leeuwenhoek (1632-1723). 

Not all anatomists received for their discoveries the recognition they 
deserved. As a matter of fact, Michael Servetus (1509 -1553) who was probably 
the first to describe the pulmonary circulation was burned for heresy together 
with his works in Geneva in 1553, and the later confirmation of his anatomical 
findings byRealdo Colombo (1516-1559) and Andrea Cesalpina (1519-1603) 
was not exactly helpful for him. 



VI Foreword 


Another interesting observation can be made on the quite recent attempts to 
protect the brain during circulatory arrest by retrograde superior vena caval 
perfusion, which gave and still gives matter for endless controversies about its 
usefulness. Many of these discussions might have been shortened by a thor¬ 
ough analysis of the literature, because it appears, that already in the 16 th cen¬ 
tury Hieronymus Fabrizio ab Aquapendente described in his book ”De Vena- 
rum Ostiolis” published in 1603, a valve at the origin of the jugular vein 
(Tabula prima: A), a fact which indeed does not allow to perfuse the brain in 
retrograde fashion through the veins. It has been confirmed more than 400 
years later, that the human species has not evolved in this respect, that the 
valves in the venous system draining the blood from the head towards the 
heart are still there, and that therefore retrograde cerebral perfusion remains 
an unreliable thing with, unfortunately, unpredictable outcome! 

Of course, there are other examples for “new” therapeutic proposals, which 
are often not so new, not so useful, and often also not so true. Most such pro¬ 
posals are not really helpful as already suggested by Socrates (469 BC - 399 BC). 

With the “Operative Anatomy of the Heart” Denis Berdajs and Marko I. 
Turina have realized a detailed documentation with splendid illustrations of 
the anatomy of the heart which can be recommended to anybody interested in 
the heart and its structures. Furthermore the surgeons should look-up “Oper¬ 
ative Anatomy of the Heart” before they find themselves in the unfriendly 
waters of the unknown during surgery. 

“Operative Anatomy of the Heart” is a reference for all procedures within 
and around the heart. “Operative anatomy of the Heart” not only provides 
minute details about what is where for the heart and its interiors, but also dem¬ 
onstrates how to get there... 


Lausanne, May 8, 2010 


Ludwig K. von Segesser 



Preface 


Only those who dare to fail greatly can ever achieve greatly 

Robert Kennedy 1925-1968 

Books and articles on techniques in cardiac surgery date back to 1952, when 
the first successful closure of an atrial septal defect was performed. In all surgi¬ 
cal disciplines, but particularly in cardiac surgery, success is greatly dependent 
upon the use of appropriate operative techniques. In one of the first textbooks 
on operative surgery, Kirschner remarked that a good operative technique 
requires a detailed knowledge of the underlying morphology. This rule has 
gained further importance since the introduction of minimally invasive tech¬ 
niques, which have highlighted the necessity of a perfect knowledge of the 
underlying cardiac and thoracic morphology. 

A precise knowledge of the anatomy of not only the valvular structures, but 
also the coronary vessels and the conducting system has become essential for 
procedures involving the mitral or tricuspid valves. Similarly, new reconstruc¬ 
tive procedures relating to the aortic and pulmonary root require not only 
detailed knowledge of the macroscopic anatomy, but also a thorough under¬ 
standing of the spatial relationships between these complex physiological and 
morphological units. 

The first chapter of this book describes the detailed topographical anatomy 
of the human thorax. The morphological regions are illustrated using pre¬ 
served human specimens, which were dissected from skin level to the bony 
skeleton of the thorax. The most important regions are presented from the 
ventral and dorsal aspects. The second chapter discusses the approaches used 
in standard cardiac surgery, including a detailed step-by-step presentation of 
the standard sternotomy and right anterolateral thoracotomy. Special atten¬ 
tion is devoted to minimally invasive approaches to the heart, such as limited 
sternotomies and thoracotomies, as well as the transdiaphragmatic approach 
to the inferior aspect of the heart. Furthermore, other approaches to the tho¬ 
racic aorta, such as posterolateral thoracotomy and thoracoabdominal inci¬ 
sion, are visualized. 

The chapter on coronary surgery (Chap. 3) emphasizes the arterial coro¬ 
nary conduits. Normal coronary morphology and their anatomical variants, as 
well as surgical approaches are described. This chapter is divided into two 
major parts, the first dealing with the general anatomy of the coronary vascu¬ 
lature, from descriptions of their orifices to an analysis of arterial dominance. 
The second part is devoted to a description of the venous drainage of the heart 
and to the surgical exposure of target coronary vessels 

Chapter 4 describes the heart valves. As in previous chapters, the general 
morphology and their variations are detailed together with the topography 
and histology, and a description of related structures. This is followed by the 
surgical section, wherein the valves are exposed and shown from the view- 
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point of the surgeon. The remaining chapters deal with the morphology of the 
interventricular septum, with special attention paid to the variations in its 
blood supply, the heart conduction system, and exposure of the thoracic and 
abdominal aorta. 

We have chosen photographs that depict the structures as they appear to the 
surgeon in the operating theater. In order to clarify surgical procedures and 
anatomical structures, some photographs have been supplemented with draw¬ 
ings to provide better orientation. 

We trust this new book will be of interest not only to the cardiac surgeon, 
but also to the cardiologist, surgical pathologist, and anesthesiologist, all of 
whom should profit from the detailed descriptions of the cardiac structures 
provided in this work. 

Denis Berdajs 
Marko I. Turina 
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1 Thorax Regions 


1.1 Superficial Thorax Regions 


The first chapter is dedicated to the superficial anatomy 
of the thorax wall, describing the most important orien¬ 
tation lines, thoracic regions, and dermatomes. In the 
second section of this chapter we focus on a detailed 
discussion of the deeper structures. The morphology of 
the thorax is defined and influenced mainly by the bony 
elements such as the ribs, the thoracic vertebra, and the 
bones of the shoulder, and by the muscular layer. 
Although individual variations can influence the relief 
and fine form of the thorax, there are fundamental char¬ 
acteristics that are true of all individuals. The superficial 
relief, which is defined by the bony skeleton and the bor¬ 
ders of the visceral thorax cavity, do not correspond to 
each other. In the ventral aspect, the superficial border 


of the thorax is defined by the clavicle; on the dorsal 
side, there is a virtual line between the acromioclavicu¬ 
lar joint and the seventh thoracic vertebra. The muscular 
layer at the visceral border at the superior thorax aper¬ 
ture is about two fingers over the superior edge of the 
clavicle. The same phenomenon is seen at the inferior 
border of the thoracic cage. The ventral inferior border 
is defined by the xiphoid process and anterior rib arch, 
and the dorsal border is defined by a virtual line between 
the 12th thoracic vertebra and the most inferior arch of 
the 12th rib. At this point it should be remembered that 
the diaphragm reaches up to the fifth thoracic vertebra. 
Due to these special morphological relationships, the 
inferior part of the bony cage also covers the superior 


Lateral cervical region Sternocleidomastoid region Anterior cervical region 


Clavicular region 
Deltopectoral triangle 
Deltoid region 
Anterior region of arm 
Infraclavicular region 
Posterior region of arm 
Axillary region 
Axillary fossa 
Sternal region 
Mammary region 
Inframmary region 
Lateral thorax region 

Hypochondrium 
Epigastric region 


Lateral abdominal region 



Fig. 1.1. Ventral thorax regions 
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Sternocleidomastoid region 
Lateral cervical region 
Clavicular region 
Acromial region 

Deltopectoral triangle 
Infraclavicular region 
Deltoid region 

Axillary region 

Ventral brachial 
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Medial brachial region 
Dorsal brachial region 
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Umbilical region 
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Fig. 1.2. Ventral thorax regions with skin innervation segments (modified from [1]) 



intra-abdominal organs. To emphasize further the com¬ 
plexity of the superficial relief of the thorax, the lateral 
border between the thoracic wall and the shoulder is 
not clearly defined. In light of the aforementioned ana¬ 
tomical predispositions, the surgeon must be aware that 
the superficial thoracic regions do not always corre¬ 
spond to the underlying morphological structures. 


The regions of the thorax are demonstrated herein on 
human specimens with corresponding schematic draw¬ 
ings. The most important orientation lines are also de¬ 
picted. The ventral regions are shown in Figs. 1.1,1.2, 
and 1.3, and the innervation of the dermatomes and the 
orientation lines are seen on a specimen in Fig. 1.4, and 
depicted schematically in Figs. 1.5 and 1.6. 
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Fig. 1.3. Orientation lines on the ventral ~-p 
thorax (modified from [ 1 ]) J ( 
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Fig. 1.4. Dorsal thorax regions 
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Fig. 1.5. Dorsal thorax regions with skin innervation segments (modified from [1]) 



Fig. 1.6. Orientation lines on the dorsal thorax (modified from [1]) 
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1.2 Deep Thorax Regions 


1.2.1 Deep Ventral Thorax Regions 


The deep thoracic regions were exposed by using the 
systematic, classical step-by-step dry anatomical dissec¬ 
tion technique. First, the skin was removed from the 
anterior thorax wall. The subcutaneous fat tissue was 
also dissected down to the fascia layer covering the 
musculature. The small superficial skin nerves were not 
totally preserved, although we did attempt to preserve 
the course of the veins and the arterial structures. The 
superficial fascia of the anterior-lateral chest wall is 
seen in Fig. 1.7 and the corresponding schematic draw¬ 
ing in Fig. 1.8. The nipple was left in situ to facilitate ori¬ 
entation. Two large fascias were brought into sight: the 


Deltoid fascia 


Cephalic vein 
(in deltopectoral groove) 


Axillary fascia 


Thoracodorsal 

artery 

Areola 

Thoracoepigastric 

vein 


Fascia of 
anterior serratus 


Deltopectoral 

triangle Clavicle (body) 


Platysma Pectoral fascia 


pectoral fascia (also known as the presternal fascia), 
which covers the pectoralis major, and the lateral tho¬ 
racic fascia, which covers the serratus anterior. Note 
that both fascias are very thin connective tissue layers 
that cover the anterior and lateral surfaces of the chest 
wall. The pectoral fascia is attached superiorly to the 
clavicle and is then connected directly to the superficial 
fascia of the neck. The fascia is attached on the medial 
side to the periosteum of the sternum, and from the 
opposite side to the pectoral fascia. In this way, both 
structures form a thin connective-tissue layer just over 
the periosteum of the sternum (Figs. 1.7 and 1.8). From 
the surgical point of view, it is 
important to know that this layer 
is well vascularized and contrib¬ 
utes to the blood supply of the 
sternum (rete sternale). We 
believe that closure of the fascia 
maybe help to avoid sternal infec¬ 
tions and enable optimal healing. 
When it reaches the medial infe¬ 
rior edge of the fascia, the muscle 
runs over the deltoideopectoral 
sulcus. Thus, the pectoral fascia 
lies directly over and covers the 
deltoid muscle. The pectoral fas¬ 
cia is connected to the axillary 
fascia inferomedially. 

Inferiorly, the pectoral fascia 
runs directly into the anterior 
layer of the rectus sheath. From 
the superior and lateral direc¬ 
tions, the lateral thorax fascia 
runs to the anterior layer of the 
rectus sheath. Superiorly, the lat¬ 
eral thoracic fascia (Figs. 1.7 and 
1 . 8 ) is positioned over the serra¬ 
tus anterior, and runs toward the 
axillary space where, together 
with the pectoral fascia, they 


Fascia of external Inferior epigastric vein 
oblique muscle 


Rectus sheath, 
anterior layer 


Fig. 1.7. Topography of the superficial 
thorax fascia 
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Fig. 1.8. Topography of the superficial thorax, schematic drawing (modified from [1]) 


create the axillary fascia. Note that both sheets are con¬ 
joined at the inferior edge of the pectoralis major fascia 
at the anterior aspect of the thoracic area. The transi¬ 
tion between these two fascias is smooth, as indicated 
by some fat and connective tissue condensation. In 
addition, at the edge of the pectoralis major, a layer of 
the pectoral fascia travels upward under cover of the 
muscle; this lamina splits to envelop the pectoralis 


minor, at the upper edge of which it is continuous with 
the coracoclavicular fascia. 

The ventral branches of the intercostal nerves and 
arteries (perforating branches of the internal thoracic 
artery) were isolated at the sternocostal joints. Note that 
the isolated arteries are perforating branches of the 
internal thoracic artery. The branches of the thoracoac¬ 
romial artery and the branches of the supraclavicular 
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Fig. 1.9. Superficial muscles of the antero¬ 
lateral thorax region 


nerve supply the skin and the subcutaneous tissue in 
the infraclavicular region. The thoracodorsal artery and 
thoracoepigastric vein can be seen at the middle axil¬ 
lary line, together with the lateral skin branches of the 
segmental intercostal nerves. The skin nerves arise from 
the intercostobrachial nerve, as can be seen at the level 
of the second and third intercostal areas. 

In the next step of the dissection, both fascia layers 
were removed (Figs. 1.9 and 1.10). Only two muscles 
maybe found on the superficial anterior and lateral tho¬ 
rax wall: the pectoralis major and the serratus anterior. 
The pectoralis major (Figs. 1.9 and 1.10) arises from the 
anterior surface of the sternal half of the clavicle, from 
half the breadth of the anterior surface of the sternum 
as low down as the attachment of the cartilage of the 
sixth or seventh rib, and from the aponeurosis of the 
abdominal external oblique muscle. Thus, we can divide 
the muscle into clavicular, sternal, costal, and abdomi¬ 


nal parts. From this extensive origin, the fibers converge 
toward their insertion. The tendinous insertion is found 
at the crest of the greater tubercle of the humerus. The 
clavicular part of the muscle runs just inferiorly to the 
clavicle. When they reach the insertion of the deltoid 
muscle at the lateral aspect of the clavicle, the muscle 
fibers run parallel, creating a shallow groove, which is 
known as the deltoideopectoral sulcus. At the clavicle, 
this groove is wider and merges with the inferior edge 
of the clavicle, forming the so-called deltoideopectoral 
triangle (Mohrenheim’s space). The cephalic vein may 
be found in the sulcus (Figs. 1.9 and 1 . 10). 

The serratus anterior (Figs. 1.9 and 1.10) is a thin 
muscular sheet that is situated between the ribs and the 
scapula at the upper and lateral parts of the chest. It 
arises in the form of fleshy digitations from the outer 
surfaces and superior borders of the upper eight or nine 
ribs. Each digitation (except the first) arises from the 








1.2 Deep Thorax Regions 


9 



Pectoralis major, abdominal part 


Pectoralis major, clavicular head 


Thoracodorsal artery - 
Thoracoepigastric vein 

Latissimus dorsi - 

Serratus anterior - 


External oblique muscle 


Deltoid muscle 


Cephalic vein 


Pectoralis major, sternocostal head 


Fig. 1.10. Superficial muscles of the antero¬ 
lateral thorax region, schematic drawing 
(modified from [1]) 


corresponding rib; the first springs from the first and 
second ribs and from the fascia covering the first inter¬ 
costal space. Note that the lower four muscle slips inter- 
digitate at their origins with the upper five slips of the 
abdominal external oblique muscle. This is seen clearly 
on Figs. 1.9 and 1.10. The lateral thoracic fascia sends 
a thin fascicule between the interdigitations, which 


provides the attachment of the fibrous structure. These 
attachment areas are seen in our specimen as white 
oblique structures between the individual muscle parts 
(Figs. 1.9 and 1 . 10). From this extensive attachment the 
fibers pass backward toward the vertebral border of the 
scapula, and insert into its ventral surface. 
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Fig. 1.11. Superior lateral thorax 
region with the axillary fossa 


At the next step of the dissection the attachment of the 
pectoralis major was dissected and lifted away from the 
humerus (Figs. 1.11 and 1.12), a maneuver that enables 
the investigation of two very important structures: the 
pectoralis minor and the third portion of the axillary 
artery and associated structures. Note that the pectoralis 
minor is positioned just inferiorly to the pectoralis 
major. The pectoralis minor arises from the third, fourth, 
and fifth ribs, near their cartilage. The muscle fibers pass 
upward and laterally, and converge to form a flat tendon, 
which inserts into the medial border and upper surface 
of the coracoid process of the scapula. Note that just near 
to this insertion, the cephalic vein crosses the tendon of 
the muscle. The axillary artery and vein and the brachial 
plexus can be seen inferiorly to the muscle, running 
toward the brachial region (Figs. 1.11 and 1.12). At this 
point we would like to direct the reader’s attention to the 


run off of the long thoracic nerve, which supplies the 
serratus anterior, and which is also clearly visible in Figs. 
1.11 and 1.12. The nerve descends behind the brachial 
plexus and the axillary vessels, running down on the 
outer surface of the serratus anterior. It extends along 
the side of the thorax to the lower border of that muscle, 
supplying filaments to each of its digitations. The tho¬ 
racic nerve usually arises from three roots of the fifth, 
sixth, and seventh cervical nerves. The part of the axil¬ 
lary artery inferior to the pectoralis minor is also known 
as the distal or the third segment of the artery. The tho¬ 
racodorsal artery takes its origin at this level, and then 
travels down the lateral surface of the chest wall together 
with the thoracoepigastric vein (Figs. 1.11 and 1.12). 

Note that the lymph node and the intercostal humeral 
nerves were removed. The lateral skin branch of the 
third and fourth intercostal nerves were preserved. 
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Fig. 1.13. Topography of the lateral thoracic artery in the axillary fossa, inferior view 


The pectoralis major was removed next and the entire 
length of the pectoralis minor was exposed. The tendi¬ 
nous attachment of the pectoralis minor was dissected; 
the medial edge was lifted away, as shown in Fig. 1.13 
and the corresponding schematic drawing in Fig. 1.14. 
Note that during this maneuver the second segment of 
the axillary artery was exposed. The lateral thoracic 
artery arises just inferior to the retracted pectoralis 
minor. After branching, this artery traverses superiorly, 
crossing the axillary vein and running along the lateral 
chest wall just underneath the pectoralis minor, as 
shown in the Figs. 1.13 and 1.14. After a short run off, 
the artery gives off medial and lateral branches. The 
medial segment runs toward the sternocostal junction, 
where it merges with the intercostal branches of the 
internal thoracic artery. The clinical importance of this 
anastomosis is discussed further in Chap. 3. The lateral 
branch of the lateral thoracic artery runs over the serra¬ 
tus anterior. Note that the opening of the thoracoepiga¬ 
stric vein into the axillary vein can be seen just inferior 
to the run off of the lateral thoracic artery. The small 
segmental branches arise perpendicularly from the 
artery and run into the pectoralis minor. The brachial 
plexus wraps around the superior and posterior walls of 
the axillary artery; the inferior wall is in contact with 


the axillary vein, and the posterior wall is positioned on 
the first rib. It is thus clear that only the superior wall 
may be considered as a free segment, being covered 
only by the pectoralis minor, an anatomical fact that 
should be heeded. This segment of the subclavian artery 
may be used as the arterial site at which to establish a 
cardiopulmonary bypass. 

The anatomical segments of the axillary artery will 
now be discussed. The first portion of the axillary 
artery is covered anteriorly by the clavicular portion of 
the pectoralis major and the coracoclavicular fascia. 

The detailed anatomy of this segment and of the associ¬ 
ated structures will be discussed later on in this chapter. 
The axillary artery, together with the axillary vein and 
the brachial plexus, is enclosed within a fibrous sheath, 
the axillary sheath, which is continuous with the deep 
cervical fascia above. 

The second portion of the axillary artery is covered 
anteriorly by the pectorales major and minor. The pos¬ 
terior cord of the brachial plexus is found posterior to 
this artery (Fig. 1.13). The axillary vein is found medi¬ 
ally and is separated from the artery by the medial cord 
of the brachial plexus and the medial anterior thoracic 
nerve; the lateral cord of the brachial plexus is seen lat¬ 
eral to the second portion of the axillary artery. 
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The third portion of the axillary artery extends from 
the lower border of the pectoralis minor to the lower 
border of the tendon of the teres major (Fig. 1.15). 
Anteriorly, it is covered by the lower part of the pecto¬ 
ralis major, and inferiorly only by the integument and 
fascia below; it is associated with the lower part of the 
subscapularis, and the tendons of the latissimus dorsi 
and teres major behind. The coracobrachialis is found 
lateral to this part of the axillary artery, and the axil¬ 
lary vein can be seen laterally, on its medial or thoracic 
side. 

Removal of the pectoralis major opens up the deltoi- 
deopectoral sulcus. Note that the base of the sulcus is 
made distally by the biceps muscle and proximally, just 
near to the clavicle, by the tendinous part of the pecto¬ 
ralis minor. The pectoralis minor, which is a thin struc¬ 
ture that is positioned under the pectoralis major, arises 
from the upper margins and outer surfaces of the third, 
fourth, and fifth ribs, near their cartilage (Fig. 1.15). The 
fibers pass upward and laterally, and converge to form 
a flat tendon, which inserts into the medial border and 
upper surface of the coracoid process of the scapula. 


This tendon creates the proximal base of the deltoideo- 
pectoral sulcus. The cephalic vein, which has also been 
exposed, turns downward and medially at the superior 
edge of the pectoralis minor, where it crosses the sub¬ 
clavian artery and opens into the subclavian vein (Fig. 
1.15). The subclavius can be seen superior to the attach¬ 
ment of the cephalic and the subclavian veins. This is a 
very thin muscle that is positioned between the first rib 
and the clavicle (Fig. 1.15). It arises from the first rib 
and its cartilage, proceeding obliquely upward and lat¬ 
erally, to insert into the groove on the under surface of 
the clavicle between the costoclavicular and conoid liga¬ 
ments. 

At this point we should briefly mention the coracocla- 
vicular fascia, which is a strong fascia that is situated 
under the clavicular portion of the pectoralis major. It 
occupies the interval between the pectoralis minor and 
the subclavius. Note that before opening into the axillary 
vein, the cephalic vein perforates this fascia (Fig. 1.15); 
however, on the presented specimen the fascia was 
removed in order to expose the subclavian vessels posi¬ 
tioned between the pectoralis minor and the subclavius. 
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The fascia encloses the subclavius, and its two layers are 
attached to the clavicle, one in front of and the other 
behind the muscle. The posterior layer fuses with the 
deep cervical fascia and with the sheath of the axillary 
vessels. Medially, it blends with the fascia, covering the 
first two intercostal spaces, and is also attached to the 
first rib medial to the origin of the subclavius. Laterally, 
it is very thick and dense, and is attached to the cora¬ 
coid process, below which it is thin. At the upper border 
of the pectoralis minor it splits into two layers to envel¬ 
op the muscle. From the lower border of the pectoralis 
minor it continues downward to join the axillary fascia, 
and laterally to join the fascia over the short head of the 
biceps brachii. 

Our exploration of the course of the subclavian and 
the axillary arteries now continues with a description of 
the detailed morphology of the supraclavicular region, 
although we will not focus on the superficial morphol¬ 
ogy. On the presented specimen (Fig. 1.16) and the cor¬ 
responding drawing (Fig. 1.17), the platysma and the 
superficial fascia have been removed and the scaleni 
were resected, leaving only their attachments. Note that 
the sternocleidomastoid muscle has two attachments, 
one at the sternum, covering the junction between the 
sternum and the clavicle, and the second at the medial 


part of the sternum. The so-called little supraclavicular 
triangle may be found between the sternal and clavicu¬ 
lar parts of the muscular attachment. Here, the segmen¬ 
tal arterial branches exit the deeper layers in order to 
provide a blood supply to the skin. On the dissected spe¬ 
cimen only the sternal segment of the attachment may 
be seen. Of note, the line connecting the little supracla¬ 
vicular triangle and the auricle of the ear describes the 
course of the internal jugular vein, and is hence a good 
reference for puncture of that vessel. 

The middle fascia of the neck, which covers the omo¬ 
hyoid and sternohyoid muscles, was also removed. In the 
next step we also resected the caudal part of the omohy¬ 
oid muscle. The topography of the specimen at this stage 
is shown on Figs. 1.16 and 1.17. The middle part of the 
clavicle is seen inferiorly, and the attachment of the del¬ 
toid muscle can be seen at the lateral segment of the 
bone. The medial part is covered with the aforemen¬ 
tioned clavicular attachment of the sternocleidomastoid 
muscle. Superior to the clavicle and running just parallel 
to the bone can be seen two veins; the transverse vein 
runs in front of the sternocleidomastoid muscle toward 
the jugular notch, and together with the vein from the 
other side creates so-called jugular venous arch (Figs. 
1.16 and 1.17). Just behind the sternocleidomastoid mus- 
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Fig. 1.17. Superficial clavicular and supraclavicular region, schematic drawing 
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cle and parallel to the clavicle, the lateral superficial vein 
is seen running toward the shoulder region, where it 
creates the venous net of the shoulder. This vein drains 
together with the superficial jugular vein directly into 
the subclavian vein. A small superficial artery may also 
be seen parallel to the vein and just inferior to the supe¬ 
rior belly of the omohyoid muscle; this is a branch of the 
subclavian artery (Figs. 1.16 and 1.17). 

The internal jugular vein is seen behind the omohy¬ 
oid muscle. This vein commences at the jugular opening 
of the skull and runs in a diagonal direction toward the 
sternoclavicular junction, where it joins with the sub¬ 
clavian vein, which opens into the brachiocephalic vein. 
The bifurcation of the right common carotid artery is 
seen at the superior edge of the omohyoid muscle. Note 
that the omohyoid and sternocleidomastoid muscles 
mark the lateral and inferior borders of the carotid tri¬ 
angle, respectively. 

The clavicle was now resected at its middle to expose 
the subclavian vein, subclavian artery, and the brachial 


plexus. Note that the subclavian artery runs downward 
and laterally from the lateral margin of the scalenus 
anterior to the outer border of the first rib. This is the 
so-called third segment of the artery. Lateral to the first 
rib the artery becomes the axillary artery (Fig. 1.18). 
The external jugular vein crosses the scalenus anterior 
together with the medial part of the subclavian artery. 
The external jugular vein receives the transverse scapu¬ 
lar, transverse cervical, and anterior jugular veins, 
which frequently form a plexus in front of the subcla¬ 
vian artery; the nerve supplying the subclavius de¬ 
scends in front of the artery behind this plexus. Note 
that this nerve was removed with resection of the clavi¬ 
cle and the subclavius (Fig. 1.18). Lateral to the scale¬ 
nus, the artery lies on the pleura and later on the first 
rib. The subclavian vein is seen inferior to the subcla¬ 
vian artery, itself crossed by the transverse scapular 
vessels, which were also resected in the specimen 
shown (Fig. 1.18). 
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Fig. 1.18. Deep structures of the clavicular and supraclavicular region, anterior view (head is cranial) 
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Fig. 1.19. Pleural cupule in the supraclavicular region 
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The subclavian vein is in front of and slightly lower than 
the subclavian artery. The artery is positioned on the 
lowest trunk of the brachial plexus, which intervenes 
between it and the scalenus medius (Fig. 1.18). Above 
and lateral to it are the upper trunks of the brachial 
plexus. At the beginning of its route the subclavian 
artery rests on the pleura, and later on the upper sur¬ 
face of the first rib (Fig. 1.18). The origin of the lateral 
thoracic artery is seen at the lateral segment of the sub¬ 
clavian artery, which crosses the subclavian vein soon 
after it arises. 

The subclavian vein was resected to allow examina¬ 
tion of the second portion of the subclavian artery (Figs. 
1.19 and 1.20). Furthermore, the scalenus anterior was 
removed from the first rib to allow investigation of that 
part of the artery that lies behind the muscle. Note that 
this part of the artery forms the highest part of the arch 
described by the vessel. On the right side of the neck, 
the phrenic nerve is separated from the second part of 
the subclavian artery by the scalenus anterior, while on 
the left side it crosses the first part of the artery close to 
the medial edge of the muscle. Behind the vessel are the 
pleura and the scalenus medius (Figs. 1.19 and 1.20). 

The apical part of the pleura was exposed by retracting 
the scalenus anterior. At this level the artery does not 
have any contact with the first rib. On the dry-dissected 
specimen (Fig. 1.19) the pleura is seen between the infe¬ 
rior border of the artery and the first rib. The attach¬ 
ment of the scalenus anterior is seen on the superior 
surface of the first rib. Retraction of the scalenus ante¬ 
rior also exposed the costocervical trunk (Figs. 1.19 and 
1 . 20 ), which arises from the upper and back part of the 
subclavian artery, behind the scalenus anterior. Passing 
backward, it gives off the profunda cervicalis and, con¬ 
tinuing as the intercostalis suprema (highest intercostal) 
artery, it later descends behind the pleura in front of the 
necks of the first and second ribs, and anastomoses with 
the first aortic intercostal artery, as seen in Figs. 1.19 
and 1.20. The superficial cervical artery, which origi¬ 
nates from the thyrocervical trunk, is seen in front of 
the scalenus anterior. The artery crosses the phrenic 
nerve on the medial edge of the scalenus anterior. After 
leaving the lateral edge of the scalenus anterior, the 
artery runs toward the lateral neck triangle (Figs. 1.19 
and 1 . 20 ). 

In the following we will discuss the anatomy of the 
suprajugular space, which is a very complex structure 
that extends from the jugular notch up to the hyoid 
bone. The dry-dissected specimen (Fig. 1.21) shows the 
jugular venous arch, which is supplied by the superficial 
dorsal jugular veins, which join laterally. Superficially, 


the arch connects to the ventral superficial jugular vein, 
which drains directly into the internal jugular vein 
(Fig. 1.22). The suprajugular notch has a triangular 
shape. The posterior wall is composed of the median 
neck fascia and the anterior wall is created by the super¬ 
ficial neck fascia. Both connective tissue layers run 
toward the hyoid bone and join the common fascia at 
the level of the thyroid gland. The space is bordered on 
the left and the right by the left and the right sternoclei¬ 
domastoid muscles, respectively. Note that the suprajug¬ 
ular notch is covered by a ligament that spans between 
the left and right sternoclavicular articulations. This 
ligament was dissected and demonstrated on the dry- 
dissected specimen (Fig. 1.21). Note that the anterior 
neck fascia, which creates the frontal wall of the supra¬ 
jugular space on its lateral aspect, wraps around the 
superficial and posterior surfaces of the sternocleido¬ 
mastoid muscle. 



1.2 Deep Thorax Regions 19 


Clavicle 


Clavicle 

sternalpart 

Nutrient 

foramen 

Sternoclavi¬ 
cular joint 



Insertion of sterno¬ 
cleidomastoid muscle 


Sternohyoid 

Anterior jugular vein muscle Anterior jugular vein 


Fig. 1.21. Jugular region 


Sternocleido¬ 
mastoid muscle 


Jugular venous 
arch 


Intrajugular 

ligament 


Pectoralis major, 
clavicular part 


Insertion of sternocleidomastoid muscle Sternohyoid muscle 


Clavicle 


Nutrient 

foramen 



Comford 


Sternocleido¬ 
mastoid muscle 


Pectoralis major, 
clavicular head 


Fig-1 .22. Jugular region, schematic 
drawing 


Sternoclavicular joint 


Intrajugular ligament 
Jugular venous arch 





















20 1 Thorax Regions 


Subclavian 

artery 


Right 
brachio¬ 
cephalic vein 

Right internal 
thoracic vein 

Inferior 
thyroid vein 


Right lung 


Right vagal Right common Sternohyoid Brachiocephalic Left common Left phrenic Right internal 

nerve carotid artery muscle trunk carotid artery nerve jugular vein 



Thymic vein 


Superior vena cava 


Left pulmonary artery 


Left internal 

thoracic 

artery 

Left brachio¬ 
cephalic vein 

Left lung 

Ligamentum 

arteriosum 

Phrenic 
nerve, peri¬ 
cardiaco¬ 
phrenic 
artery/vein 


Inferior left pulmonary vein 


Pulmonary trunk 


Superior right pulmonary vein Phrenic nerve Pericardium Aorta Left pulmonary artery 


Fig. 1.23. Supracardiac mediastinum, anterior view 


The anterior chest wall was now removed to expose the 
superior mediastinum. The retrosternal fat tissue, 
which represents the thymus remnant (or thymic rest), 
was removed, and the superior vena cava and the left 
and right brachiocephalic veins were dissected (Fig. 
1.23), exposing the three branches of the aortic arch. 
The left brachiocephalic vein crosses the superior edge 
of the aortic arch, coursing over the origin of the bra¬ 
chiocephalic trunk and the left common carotid artery. 
The left subclavian artery is positioned deeper and has 
no contact with the great vein (Fig. 1.23). The left and 
right brachiocephalic veins join at the transition be¬ 
tween the ascending aorta and the aortic arch and 
together create the superior vena cava. Note that the 
opening of the thymus vein can be seen at the inferior 
aspect of the left vein; the thyroid vein drains into the 
angle between the left and the right brachiocephalic 
veins (Fig. 1.23). The right phrenic nerve runs along the 
lateral side of the superior vena cava. 

The left brachiocephalic vein was removed; the dis¬ 
section was performed on the right at the superior vena 
cava and on the left at the junction between the left sub¬ 
clavian and internal jugular veins, thus exposing the 
aortic arch and the origin of the great vessel (Fig. 1.24). 


When viewed from the anterior perspective, only the 
brachiocephalic trunk may be inspected, the left com¬ 
mon carotid and the left subclavian arteries are posi¬ 
tioned more posteriorly and so cannot be seen in Fig. 
1.24. The right brachiocephalic vein is retracted. The 
trachea is seen behind the brachiocephalic trunk and 
the ascending aorta, which is very short (Fig. 1.24). The 
trachea bifurcates into the left and the right main bron¬ 
chus at the inferior border of the aortic arch (see also 
Fig. 1.23). 

After a very short course, the brachiocephalic trunk 
branches into the left subclavian and left common 
carotid arteries. Note that the distance between the ori¬ 
gin of the brachiocephalic trunk and its bifurcation may 
vary considerably between individuals. The part of the 
right subclavian artery shown in Fig. 1.23 is the so-called 
intrathoracic part. The inferior and posterior aspects of 
the artery are conjoined to the pleura, which separates it 
from the apex of the lung at this level. Note that the sym¬ 
pathetic trunk lies posterior to the apex of the lung. 

Retracting the left subclavian artery to the medial 
side exposes the left vagal and left recurrent nerves (Fig. 
1.25). The vagal nerve runs toward the superior vena 
cava from the point at which the phrenic nerve branches 
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Fig. 1.24. Right posterior 
mediastinum, right lateral view 



Left internal jugular vein 


Left common carotid artery 
Trachea 

Left brachiocephalic vein 
Left internal thoracic artery 

Phrenic nerve 

Pericardiacophrenic artery/vein 
Ligamentum arteriosum 

Pulmonary trunk 
Aorta 


Right ventricle 


Right common carotid artery 


Right recurrent laryngeal nerve 


Left subclavian artery — 


Right vagal nerve — 


Left internal thoracic artery/vein — 


Phrenic nerve — 


Fig. 1.25. Topography of the 
right recurrent laryngeal nerve 



Sternohyoid muscle 


Left common carotid artery 
Trachea 

Brachiocephalic trunk 

Pericardial fold 

Ascending aorta 

Superior vena cava 
Right atrium 
















22 1 Thorax Regions 


Sternohyoid 

muscle 

Left brachio¬ 
cephalic vein 

Left internal 
thoracic 
artery 

Left phrenic 
nerve 

Left vagal 
nerve 

Left internal 
thoracic vein 

Right 

recurrent 

laryngeal 

nerve 



Right common carotid artery Right subclavian artery Supreme intercostal artery Stellate ganglion 


Joint of head of 3rd rib 


Brachiocephalic trunk Trachea Aortic arch 


Esophagus 


First 

posterior 

intercostal 

artery 

Second 

posterior 

intercostal 

artery 

Posterior 

intercostal 

artery/vein/ 

nerve 

Sympathetic 

trunk 

Head of 
3rd rib 


Fig. 1.26. Topography of the left subclavian artery 


off; when it reaches the vein, the nerve runs behind it. 

The thoracic part of the left subclavian artery is seen 
from the left lateral view in Fig. 1.26; the corresponding 
drawing is shown in Fig. 1.27. The artery arises from the 
arch of the aorta, behind the left common carotid artery 
and at the level of the fourth thoracic vertebra. The 
corresponding intercostal space was also exposed 
(Figs. 1.26 and 1.27). Note that the origin of the artery is 
just behind and corresponds to the posterior mediasti¬ 
num. From its origin, the artery ascends in the superior 
mediastinal cavity to the root of the neck and then 
arches laterally to the medial border of the scalenus 
anterior. The vagus and phrenic nerves can be seen in 
front of the subclavian artery. The details of this ar¬ 


rangement will be discussed later. Both of these nerves 
are positioned behind the left internal jugular vein and 
are crossed by the accessory azygos vein, which drains 
into the jugular vein. The esophagus, the left recurrent 
nerve, and the inferior cervical ganglion of the sympa¬ 
thetic trunk are located behind the artery. The artery 
was retracted to expose its relationship to the esophagus 
and the trachea (Figs. 1.26 and 1.27). The esophagus and 
thoracic duct are to the right side of the artery. The duct 
is positioned behind the esophagus; the trachea and left 
recurrent nerve may be seen in the groove between the 
esophagus and the trachea. The pleura may be found 
lateral to the artery. 
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Fig. 1.27. Deep cervical region after removal 
of the superior segment of the sternum 
(modified from [1]) 
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In the next part of this chapter we present the muscula¬ 
ture of the anterior and lateral thorax walls, apart from 
the pectorales, which were discussed earlier and have 
been removed from the specimen presented herein (Fig. 
1.28), along with the ribs and the intercostal muscles. 
The rectal abdominal muscle was exposed at the transi¬ 
tion between the thoracic and abdominal areas. A thin 
double layer of muscle may be found in the intercostal 
space; these are the internal and the external intercostal 
muscles. Beneath these there are thin but firm layers of 
fascia. This fascia may cover the outer surface of the 
external intercostal muscles and the inner surface of the 
internal intercostal muscles, and is interposed between 
the two planes of muscular fibers. Note the fascia is 
more easily seen in situations where muscular fibers are 
deficient, such as between the external intercostal mus¬ 
cles and the sternum at the front, and between the inter¬ 
nal intercostal muscles and the vertebral column behind. 

The external intercostal muscles extend from the 
tubercles of the ribs behind, to the cartilages of the ribs 
in front, where they end in thin membranes, known as 
the anterior intercostal membranes, which continue for¬ 
ward to the sternum (Figs. 1.28 and 1.29). Note that each 
muscle originates from the lower border of a rib and 
inserts into the upper border of the rib below (Figs. 1.28 


and 1.29). As seen on the dissected specimen, the exter¬ 
nal muscles extend to the ends of the cartilages in the 
two lower intercostal spaces. The muscular fibers are 
directed obliquely downward and laterally on the back 
of the thorax, and downward, forward, and medially on 
the front part of the thorax (Figs. 1.28 and 1.29). 

The internal intercostal muscles commence anteriorly 
at the sternum, in the interspaces between the cartilages 
of the ribs, and are covered by the intercostal fascia 
(Figs. 1.28 and 1 .29). The muscle fibers extend backward 
as far as the angles of the ribs, whence they fluently pass 
into the thin aponeuroses, the posterior intercostal 
membranes, each of which arises from the ridge on the 
inner surface of a rib, as well as from the corresponding 
costal cartilage, and inserts into the upper border of the 
rib below. Their fibers are also directed obliquely, but 
pass in a direction opposite to those of the external 
intercostal muscles (Figs. 1.28 and 1.29.) 

The intercostal space was examined further by 
removing the external muscle (Figs. 1.30,1.31, 1.32, and 
1.33). Figure 1.30 shows an overview of the topography 
of the intercostal spaces. Note that in the fifth intercos¬ 
tal space the internal and external intercostal muscles 
have been removed down to the parietal pleura. In the 
fourth and the sixth intercostal spaces the external 
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Fig. 1.28. Deep muscles of the anterolateral thorax regions, lateral view 
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Fig. 1.29. Topography of the external and internal intercostal muscles (head is caudal) 
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Fig. 1.30. Morphology of the intercostal space, inferior lateral view (head is on the left-hand side) 
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Fig. 1.31. Topography of the internal intercostal muscles 
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Fig. 1.32. Topography of the intercostal space, lateral view 
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intercostal muscles have been removed, leaving only the 
internal intercostal muscles; the nerve and vessel bun¬ 
dles have been exposed in these two areas. The external 
oblique abdominal muscle covers the medial part of the 
lower fourth intercostal spaces. This muscle originates 
at the anterior rib surface (Figs. 1.30 and 1.33). 

It was possible to study the topography of the exter¬ 
nal and internal intercostal muscles in our dry-dissected 


specimen, in which the fourth, fifth, and sixth intercos¬ 
tal spaces have been exposed. Removal of the external 
intercostal muscles in the fifth and sixth intercostal 
spaces allows the topography of the internal intercostal 
muscles to be examined (Figs. 1.31 and 1.33). 

Removal of the external intercostal muscle exposes 
the internal intercostal muscle to show, as mentioned 
earlier, that the muscle fibers commence anteriorly at 
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the sternum, in the interspaces between the cartilages of 
the ribs, and extend backward as far as the angles of the 
ribs, whence they continue to the vertebral column via 
the posterior intercostal membranes. This can be seen 
in the sixth intercostal space in Fig. 1.31. In general, the 
muscular fibers are directed obliquely, but pass in a 
direction opposite to those of the external intercostal 
muscle. This internal intercostal muscle has two layers: 

1: A superficial layer that is strongly attached to the 
external intercostal muscle. This muscular layer is also 
known as the intermedius intercostal muscle and may 
be distinguished from the external muscle only by the 
direction of the muscular layers. This layer is seen in the 
sixth intercostal space in Figs. 1.31 and 1.33. 

2: A deeper layer that actually represents the internal 
intercostal muscle and is positioned deeper than the 
intermedius intercostal muscle layer. This is seen in the 
fifth intercostal space where the intermedius part of the 
internal intercostal muscle was removed. 

Note that both parts of the internal intercostal muscles 
originate from the ridge on the inner surface of the 
inferior rib, as well as from the corresponding costal 
cartilage. At their origin, both muscles diverge and cre¬ 
ate the inferior surface of the rib, the subcostal sulcus, 


exposure of which requires removal of the intermedius. 
The subcostal nerve and its artery and vein are seen in 
the fifth space. The so-called supracostal nerve, artery, 
and vein originate at the level of the rib angles from the 
segmental nerve and conjoined vessels. They course 
along the surface of the inferior muscle. This is also 
seen in the fifth intercostal space. 

In the next step of the dissection of the intercostal 
space, the endothoracic fascia was exposed via removal 
of the internal intercostal muscle (Figs. 1.32 and 1.33). 
The structures positioned in the deeper layers of the 
anterior thorax wall are shown in Fig. 1.34, and in its 
corresponding schematic drawing (Fig. 1.35). The pecto- 
ralis major was removed. The anterior intercostal mem¬ 
brane and the deep intercostal muscle were removed 
just near to the sternum in the first three intercostal 
spaces, down to the endothoracic fascia (Figs. 1.34 and 
1.35). The internal thoracic artery and vein have been 
exposed; note that from this point of view both vessels 
are superficial to the transversus thoracis. This muscle 
is a thin triangular structure that is situated upon the 
inner surface of the front wall of the chest. It originates 
on either side from the lower third of the posterior sur¬ 
face of the body of the sternum, from the posterior sur¬ 
face of the xiphoid process, and from the sternal ends of 
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Fig. 1.34. Deep structures of the anterior thorax region 
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Fig. 1.35. Deep structures of the anterior thorax region, schematic drawing (modified from [1]) 
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the costal cartilages of the lower three or four true ribs. 
The internal thoracic artery crosses the muscle at this 
level, an anatomical factor that should be considered 
during surgery to harvest the artery. The muscular 
fibers diverge upward and laterally. The endothoracic 
fascia is positioned inferiorly to the muscle; conse¬ 
quently, the fascia may be seen only lateral to the 
muscle in the third intercostal spaces (Figs. 1.34 and 
1.35). 

Both the internal thoracic artery and its conjoined 
vein are positioned superior to the transversus thoracis 
(Fig. 1.36). This muscle is no longer present at the level 
of the third intercostal space, and consequently the ves¬ 
sels are positioned on the endothoracic fascia (Fig. 1.36). 
This topographical relationship is particularly impor¬ 
tant for harvesting the internal thoracic artery, whereby 
the translucid fascia facilitates identification of the ar¬ 
tery. Note that in the first two intercostal spaces the 


conjoined vein is positioned lateral to the internal tho¬ 
racic artery, but the vein crosses the artery superficially 
at the level of the third rib (Fig. 1.36), from which point 
the vein is located medial to the artery. 

The presented specimen is seen from anterolateral 
view in Fig. 1 .37, which demonstrates the transition 
between the thoracic and abdominal walls. The rectus 
abdominis, the external and internal oblique, and trans¬ 
verse abdominal muscles are also exposed (see also 
Fig. 1.38). From the view shown in Fig. 1.37, the trans¬ 
verse abdominal and internal oblique muscles are not 
exposed in their entirety, and so only the details regard¬ 
ing the rectus abdominis and the external oblique mus¬ 
cles will be discussed. 
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Fig. 1.36. Sternal region, exposure of the internal thoracic artery run-off 
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Fig. 1.38. Deep muscles of thoracoabdominal transition, lateral view 


The rectus abdominis is a long flat muscle that extends 
along the entire length of the front of the abdomen 
(Fig. 1.37). It arises from two tendons, the lateral or 
larger one of which is attached to the crest of the pubis, 
and the medial is interlaced with its counterpart on the 
opposite side and is connected with the ligaments cov¬ 
ering the front of the symphysis pubis. The muscle is 
inserted by three portions of unequal size into the carti¬ 
lages of the fifth, sixth, and seventh ribs (Fig. 1.37). The 
upper portion, which is attached principally to the car¬ 
tilage of the fifth rib, usually has some insertion fibers 
into the anterior extremity of the rib itself. Some fibers 
are occasionally connected to the costoxiphoid liga¬ 
ments and the side of the xiphoid process. Release of the 
xiphoid process by median sternotomy requires dissec¬ 
tion of the aforementioned attachment of the rectus 
abdominis away from this part of the sternum. It is 
therefore suggested that young surgeons have a clear 
picture of the muscular attachments in this region. The 
external oblique muscle is situated on the lateral and 
anterior parts of the abdomen, and originates as eight 
fleshy digitations from the external surfaces and infe¬ 


rior borders of the lower eight ribs (Fig. 1.37). The five 
superior serrations increase in size from above down¬ 
ward, and are received between corresponding pro¬ 
cesses of the serratus anterior. From their attachments, 
the fleshy fibers proceed in various directions. Those 
from the lowest ribs pass nearly vertically downward 
and insert into the anterior half of the outer lip of the 
iliac crest; the middle and upper fibers are directed 
downward and forward, ending in an aponeurosis 
opposite a line drawn from the prominence of the ninth 
costal cartilage to the anterior superior iliac spine. 
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1.2.2 Deep Dorsal Thorax Regions 

The deep dorsal thoracic regions were also exposed by 
using the systematic method of the classical step-by- 
step anatomical dry-dissection technique, as presented 
for the ventral thorax regions. The skin was removed 
and the subcutaneous fat tissue was dissected away 
from the level of the fascia. The schematic drawing 
shows the topography of the deep fascia of the thorax 
region (Fig. 1.39). The small superficial skin nerves were 
not totally preserved and were dissected at the level of 


their perforation of the fascia (Fig. 1.39). The fascia of 
the dorsal region is a thin connective tissue layer that is 
also known as the superficial dorsal fascia. This connec¬ 
tive tissue covers each muscle individually. However, it 
should be noted that the density and strength of this 
fascia cannot be compared with the fascia that envelops 
the longitudinal muscles. From an anatomical point of 
view it is also important to recognize that at the mid¬ 
line, and especially at the level of the attachment of the 
latissimus dorsi, this superficial dorsal fascia passes into 
the superficial layer of the thoracolumbar fascia (Fig. 1.39). 


Dorsal branch 
of the thoracic nerve I 

Dorsal azygos 
vein 

Dorsal branch 
of the thoracic nerve II 

Dorsal branch 
of the thoracic nerve III 


Dorsal branch 
of the thoracic nerve V 
(medial and lateral 
cutaneous branch) 


Dorsal branch 
of the thoracic nerve VII 


Dorsal branch 
of the thoracic nerve IX 
(medial and lateral 
cutaneous branch) 



Deltoid fascia 


Cutaneous branch 
of the posterior circumflex 
humeral artery 


Lateral cutaneous branch, 
intercostal nerve V 

Thoracic fascia 


Lateral cutaneous branch, 
intercostal nerve VII 


Thoracolumbar fascia 
External oblique muscle 


Fig. 1.39. Topography of the fascia in the dorsal thorax regions (modified from [1]) 
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The second, stronger structural modification of the 
superficial fascia is found at the medial edge of the 
scapula. At this stage of preparation, wherein the latissi- 
mus dorsi and the trapezius are in situ, only the inferior 
third of the medial edge of the scapula may be seen. 

This inferior part of the medial edge is found in a trian¬ 
gle between the lateral superior edge of the latissimus 
dorsi and the corresponding inferior edge of the trape¬ 
zius (Fig. 1.39). The reinforced fascia is also known as 
the infraspinal fascia, as it is found at the medial edge of 
the scapula and runs just underneath the subscapular 
area. 

In the next step of the dry dissection, the superficial 
muscles of the back were released (Figs. 1.40 and Fig. 
1.41). The view shown in Figs. 1.40 and 1.41 is lateral- 
superior so that the muscles of the axillary region may 
also be seen. The trapezius is a flat, triangular muscle 
that arises from the external occipital protuberance, the 
medial third of the superior nuchal line of the occipital 
bone, the ligamentum nuchae, the spinous process of 
the seventh cervical vertebra, the spinous processes of 
all of the thoracic vertebrae, and from the correspond¬ 
ing portion of the supraspinal ligament. From this ori¬ 
gin, the superior fibers proceed downward and laterally, 
the inferior upward and laterally, and the middle hori¬ 
zontally. In the presented case the superior part of the 
muscle is not shown (Figs. 1.40 and 1.41). The superior 
fibers insert into the posterior border of the lateral third 
of the clavicle, the middle fibers into the medial margin 


of the acromion and into the superior lip of the poste¬ 
rior border of the spine of the scapula, and the inferior 
fibers converge near the scapula and end in an aponeu¬ 
rosis that glides over the smooth triangular surface on 
the medial end of the spine, to inserting into a tubercle 
at the apex of this smooth triangular surface. The mus¬ 
cle covers the whole thoracic vertebral region. Note that 
the muscle is innervated by the accessory nerve, and by 
branches from the third and fourth cervical nerves. 

The second large muscle of the back is the latissimus 
dorsi (Figs. 1.40 and 1.41). This is a triangular, flat 
muscle that covers the lumbar thoracic region and the 
lower half of the thoracic region. It is gradually con¬ 
tracted into a narrow fasciculus at its insertion into the 
humerus. It arises via tendinous fibers from the spi¬ 
nous processes of the lower six thoracic vertebrae and 
from the posterior layer of the lumbodorsal fascia 
(Figs. 1.40 and 1.41), by which it is attached to the 
spines of the lumbar and sacral vertebrae. The muscle 
also arises via muscular fibers from the external lip of 
the iliac crest lateral to the margin of the sacrospinalis, 
and from the three or four lower ribs via fleshy digita- 
tions that are interposed between similar processes of 
the external oblique muscle (Figs. 1.40 and 1.41). From 
these extensive origins, the fibers pass in different 
directions, the upper ones horizontally, the middle 
obliquely upward, and the lower vertically upward, so 
as to converge and form a thick fasciculus (Figs. 1.40 
and 1.41). This fasciculus crosses the inferior angle of 
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Fig. 1.40. Superficial muscles of the dorsal thorax regions, lateral view (head is on the left-hand side) 
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the scapula, and usually receives a few fibers from it. 
The muscle curves around the lower border of the teres 
major, and is twisted upon itself. It ends in a quadrilat¬ 
eral tendon and inserts into the bottom of the intertu- 
bercular groove of the humerus. The latissimus dorsi 
is supplied by the sixth, seventh, and eighth cervical 
nerves through the thoracodorsal nerve. The deltoid 
muscle, which does not belong to the back musculature, 
was also dissected and may be followed laterally to the 
spine of the scapula. Note that after the fascia is 


removed we can see on the lateral aspect of the clavicle 
the infraspinatus, teres minor, and teres major. The 
rhomboideus was brought into the sight on the medial 
edge. 

The trapezius and latissimus dorsi were transected in 
the middle and lifted away from the chest wall, thus 
exposing the deep muscles (Figs. 1.42 and 1.43). We will 
not discuss the muscles connecting the upper extremity 
to the lateral thorax wall, rather we will describe the 
muscles located in the medial thoracic and lumbar 
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Fig. 1.42. Medial level of 
the dorsal thorax muscles, 
posterior view (head is 
positioned cranial) 
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areas. The rhomboideus major, rhomboideus minor, 
and levator scapulae are seen on the specimens in Figs. 
1.42 and 1.43. 

The rhomboideus major arises via tendinous fibers 
from the spinous processes of the second, third, fourth, 
and fifth thoracic vertebrae, and the supraspinal liga¬ 
ment. The origin of the rhomboideus minor is found 
superior to that of the rhomboideus major, and is posi¬ 
tioned at the lower part of the ligamentum nuchae and 
at the spinous processes of the seventh cervical and first 
thoracic vertebrae. Both muscles are attached to the 
scapula. The rhomboideus major converges into a nar¬ 
row tendinous arch that is attached above to the lower 
part the rhomboideus minor and to the base of the tri¬ 
angular smooth surface at the root of the spine of the 
scapula. It is usually separated from the rhomboideus 
major by a slight interval, but the adjacent margins of 
the two muscles occasionally unite (Figs. 1.42 and 1.43). 


The levator scapulae is situated superior to both rhom¬ 
boideus muscles at the back and side of the neck, origi¬ 
nating via tendinous slips from the transverse processes 
of the atlas and axis and from the posterior tubercles of 
the transverse processes of the third and fourth cervical 
vertebrae. It runs diagonally toward the vertebral border 
of the scapula, where it is also attached. Note that the ser¬ 
ratus lateralis may be found lateral to the attachment of 
the levator scapulae, and is attached to the medial angle 
of the scapula. The omohyoid muscle is found between 
the levator scapulae and serratus lateralis (Figs. 1.42 and 
1.43). The suprascapular artery and vein enter in this 
region. Both structures run just superior to the trans¬ 
verse ligament of the scapula, and the suprascapular 
nerve is found inferior to it (Figs. 1.42 and 1.43). 

The thoracic part of the lumbodorsal fascia can be 
seen on the specimen presented in Figs. 1.44-1.48. The 
lumbodorsal fascia is a deep investing membrane that 
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Fig. 1.43. Deep thorax muscles, dorsal regions, posterior view (modified from [1]) 
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covers the deep muscles of the back of the trunk. In the 
thoracic region the lumbodorsal fascia is a thin fibrous 
lamina that serves to bind the extensor muscles of the 
vertebral column and to separate them from the mus¬ 
cles connecting the vertebral column to the upper 
extremity (Figs. 1.44 and 1.48). In the lumbar region the 
fascia is separated into two layers: anterior and poste¬ 
rior. The posterior layer, as shown on Figs. 1.44 and 1.48, 
is attached to the spinous processes of the lumbar and 
sacral vertebrae, and to the supraspinal ligament. The 
anterior layer, which was described at the beginning of 
this chapter and is presented in Fig. 1.39, is attached to 


the tips of the transverse processes of the lumbar verte¬ 
brae and to the intertransverse ligaments. The two lay¬ 
ers unite at the lateral margin of the sacrospinalis to 
form the tendon of origin of the transverse abdominal 
muscle. The aponeurosis of origin of the serratus poste¬ 
rior inferior (Figs. 1.44,1.46, and 1.48) and the latissi¬ 
mus dorsi are intimately blended with the lumbodorsal 
fascia. 

A lateral view of the inferior thorax wall is shown in 
Figs. 1.45 and 1.48. The attachment of the external 
oblique muscle on the lateral and anterior part of the 
inferior chest wall can be seen. The muscle belly arises 
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Fig. 1.44. Muscles of the dorsal regions, lateral view (head is on the left-hand side) 
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Fig. 1.45. Accessory intercostal muscle, lateral view (head is on the left-hand side) 


via fleshy digitations from the external surfaces and in¬ 
ferior borders of the ribs. The attachment areas are 
arranged as digitations in an oblique line that runs 
downward and backward. The five superior attachment 


areas of the muscle are found between corresponding 
muscular processes of the serratus anterior, as seen in 
Fig. 1.45. Note that the inferior edge of the serratus ante 
rior is lifted away. The three lower attachments of the 
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Fig. 1.46. Serratus posterior inferior, lateral view (head is on the left-hand side) 
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Fig. 1.47. Deep thorax muscles in the scapular region, posterior view (head is caudal) External intercostal muscle 


oblique muscles are found between the corresponding 
processes of the latissimus dorsi, but some morphologi¬ 
cal variations maybe seen here. The external intercostal 
muscle is seen in Figs. 1.45 and 1.48. Namely, the fifth 
and sixth attachment areas of the external oblique mus¬ 


cle joins at the lateral surface of the tenth and eleventh 
ribs with the so-called accessory intercostal muscle, 
which originates from the spinous processes of the infe¬ 
rior thoracic vertebra, and runs diagonally toward the 
lateral surface of the tenth and eleventh ribs. 
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Fig. 1.48. Thoracolumbar muscles, posterior view (modified from [1]) 
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The serratus inferior posterior is shown in Fig. 1.46. The 
muscle is situated at the junction of the thoracic and 
lumbar regions; it originates via a thin aponeurosis 
from the spinous processes of the lower two thoracic 
and upper two or three lumbar vertebrae, and from the 
supraspinal ligament (Figs. 1.46 and 1.48). Passing ob¬ 
liquely upward and laterally, it becomes fleshy and 
divides into four flat digitations, which insert into the 
inferior borders of the lower four ribs. 


The serratus superior posterior (Fig. 1.47) is a thin, quad¬ 
rilateral muscle that is situated at the upper and back 
part of the thorax. It arises via a thin and broad aponeu¬ 
rosis from the lower part of the ligamentum nuchae, 
from the spinous processes of the seventh cervical and 
upper two or three thoracic vertebrae. Inclining down¬ 
ward and laterally, it becomes muscular and inserts via 
four fleshy digitations into the upper borders of the sec¬ 
ond, third, fourth, and fifth ribs just beyond their angles. 
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2.1 Sternotomy 

2.1.1 Median Sternotomy 

2.1.1.1 Patient Position and Skin Incision 

The patient is in the supine position. The skin incision 
is made in the presternal region of the anterior median 
sulcus (Figs. 2.1 and 2.2), starting one to two finger- 
breadths under the suprasternal notch and extending to 
a point located two finger-breadths under the xiphoid 
process into the linea alba. The subcutaneous adipose 
tissue should be dissected by cauterization. The small 
veins on the anterior surface of the sternum, belonging 


to the venous drainage of the anterior jugular vein, 
must be coagulated (Figs. 2.3 and 2.4). Special attention 
must be paid to dissection of the subcutaneous adipose 
tissue of the suprasternal notch and of the sternocostal 
angle (Figs. 2.5 and 2.6). 



■ 


\ 


Fig. 2.1. Patient position for median sterno¬ 
tomy 



Fig. 2.2. Skin incision 
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Fig. 2.3. Subcutaneous structures (head is 
on the left-hand side) 


Costoxiphoid ligament 



Sternal angle 
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Sternum sternal membrane 
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Fig. 2.4. Subcutaneous structure, schematic 
drawing (head is on the left-hand side) 


Costoxiphoid ligament 
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Fig. 2.5. Transition between the sternal 
membrane and the rectus sheath 


Pectoralis major 


Linea alba 



Fig. 2.6. Transition between the sternal 
membrane and the rectus sheath, sche¬ 
matic drawing 
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In the jugular notch, one should 
pay close attention to the intrajugu¬ 
lar vein and ligament (Figs. 2.7 and 
2.8). Very important landmarks of 
this region are the bilateral inser¬ 
tions of the sternocleidomastoid 
muscle on the sternoclavicular 
joint. Lateral and cranial to the 
articulation is the clavicular part of 
the pectoralis major (Figs. 2.7 and 
2.8). The intrajugular ligament is 
located between the insertions of 
the left and right sternocleidomas¬ 
toid muscles. This ligament is an 
extension of the fibrous sternocla¬ 
vicular joint capsule, and is located 
in the jugular notch, medial to the 
sternoclavicular joint. Inferiorly, it 
inserts directly onto the sternal 
periosteum. The topographical 
location of the intrajugular liga¬ 
ment shows that its incision is nec¬ 
essary for a successful sternal divi¬ 
sion. 


Intrajugular vein 



Sternocleidomastoid Intrajugular Pectoralis Sternum, 

muscle ligament major sternal membrane 


Fig. 2.7. Intrajugular space with exposure of the intrajugular ligament 



Fig. 2.8. Intrajugular space; example of a 
dilated intrajugular vein 
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Fig. 2.9. Topography of the intrajugular space, schematic drawing 
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In some cases, a large intrajugular 
vein may be found the jugular 
notch (Fig. 2.8), especially in con¬ 
gestive heart disease. This vein is 
sometimes a source of unsolicited 
hemorrhaging, especially after a 
cardiopulmonary bypass is estab¬ 
lished. We suggest ligating the vein 
after its exposure (Fig. 2.9). A vein 
may occasionally be found at the 
subiculum cordis in the adipose tis¬ 
sue, on the border between the 
sternal body and the xiphoid pro¬ 
cess. This vein is an anastomosis 
between the left and right internal 
thoracic veins (Fig. 2.10), and in 
some cases may be a source of 
unfavorable hemorrhaging, espe¬ 
cially in a patient with congestive 
heart disease. As indicated, the 
incision of the linea alba extends 
two finger-breadths under the 
xiphoid process (Figs. 2.4 and 2.5). 
The medial attachment of the rec¬ 
tus abdominis and the interdigita- 
tion of the rectus sheath and pecto¬ 
ral fascia in the sternocostal angle 
are dissected to release the process 
(Fig. 2.5 and 2.10). In the next step, 
the xiphoid process is split along its 
midline; the artery supplying the 
process maybe easily damaged 
during this process. The xiphoid 
branch is an end-branching of the 
internal thoracic artery and, in 7% 
of cases, supplies the xiphoid pro¬ 
cess directly (Fig. 2.10). 


Corrfori 

Xiphoid process 
Costoxiphoid ligament 

Fig. 2.10. Incision of the linea alba over the xiphoid process 
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2.1.1.2 The Sternal Incision 

A vertical sternal incision should 
be made deep to the periosteum of 
the sternum (Fig. 2.11). Advancing 
the sternal incision, the posterior 
sternal wall should be released 
from the sternopericardial liga¬ 
ment. After the xiphoid process has 
been divided, the dissection is con¬ 
tinued retrosternally either digi¬ 
tally or with a short-tipped, right- 
angled clamp. During this proce¬ 
dure, the pericardium and the pari¬ 
etal pleura are released from the 
posterior wall of the sternum. The 
retrosternal space is entered and 
the sternum is divided along its 
midline from the sternocostal angle 
toward the jugular notch (Figs. 2.12, 
2.13, and 2.14). Hemostasis is ac¬ 
complished using cauterization to 
control hemorrhaging vessels at the 
sternal periosteum. After place¬ 
ment of a sternal spreader, the thy¬ 
mic adipose tissue (Fig. 2.15), which 
is crossed by a few thymic veins, is 
incised up to the plane of the bra¬ 
chiocephalic vein (Fig. 2.16). 

The veins are then separated and 
clipped; the pericardium is reached 
just inferiorly to the thymic veins. 
Any of the heart chambers or the 
surface of the heart can be manipu¬ 
lated through this incision, making 
possible surgery of the ascending 
aorta and the pulmonary trunk and 
their primary branches. 


Fig. 2.13. Jugular area as seen following 
sternotomy 



Fig. 2.11. Preparation of the sternum for a median sternotomy (head is on the left-hand side) 
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Fig. 2.12. Sternal incision 
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Pericardium 


Fig. 2.15. Retrosternal space after 
sternotomy 
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Fig. 2.16. Thymic veins and 
rest of the thymus 




49 


2.2 Partial Sternotomy 

2.2.1 Superior Partial "Inverse T" Sternotomy 


2.2.1.1 Patient Position and Skin Incision 

The patient is in the supine posi¬ 
tion (Fig. 2.17). The skin incision is 
made in the presternal region over 
the superior two-thirds of the ster¬ 
num (Figs. 2.17 and 2.18). It com¬ 
mences two finger-breadths under 
the jugular notch and extends to 
the fourth intercostal space. The 
anterior sternal surface can be 
identified deep to the dissected 
subcutaneous adipose tissue. 


Fig. 2.17. Patient position for inverse “T” 
sternotomy” 



Fig. 2.18. Skin incision for inverse “T” 
sternotomy 



The sternal parts of the left and right pectoralis major 
are found on the lateral sternal edges, inserting on the 
sternocostal junctions (Fig. 2.19). The intrajugular liga¬ 
ment is divided in the jugular notch. Dissection and 
partial release of the sternum from the retrosternal tis¬ 
sue is performed digitally (Fig. 2.20). The insertion of 
the pectoral fascia to the surface of the sternum is dis¬ 
sected from the fourth intercostal space to the level of 


the sternal notch, exposing the insertion of the sternal 
part of the pectoralis major. To perform the superior 
partial “T” sternotomy, the left and right pectorales 
major must be horizontally incised just superior to the 
fourth intercostal space (Fig. 2.21). Division of the inter¬ 
costal muscles is then performed. Prior to the incision, 
the intercostal fascia and the internal intercostal muscle 
are identified. 
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Fig. 2.19. Subcutaneous structures as seen 
after the skin incision for an inverse “T” 
sternotomy 


Sternal membrane Pectoralis major 



Fig. 2.20. Intrajugular space 


Sternocleidomastoid muscle 
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Fig. 2.21. Incision of the sternal membrane 
and pectoral muscle insertion (head is on 
the left-hand side) 


Pectoralis major (right) 
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2.2.1.2 The Sternal Incision 

The sternum is incised from the 
fourth intercostal space to the level 
of the third sternal notch. We sug¬ 
gest using an oscillating saw when 
performing the superior partial 
“inverse T” sternotomy. Oblique 
sternal incisions on the left and 
right sides of the sternum are made 
from the fourth intercostal space to 
the level of the fourth sternocostal 
joint (Fig. 2.22). The sternum is 
then opened long the midline from 
the level of the fourth sternocostal 
joint to the sternal notch (Figs. 2.22 
and 2.23). A minimally invasive 
sternum spreader is inserted and 
the presternal residuum of the thy¬ 
mus is identified (Fig. 2.24). 


Fig. 2 .23. Sternal incision for inverse “T” 
sternotomy (head is on the left hand side) 



Fourth intercostal 
space 


Sternal membrane 

Pectoralis major 

Fig. 2.22. Performing the inverse “T” sternotomy (head is on the left-hand side) 



Retrosternal fat tissue 


Fig. 2.24. Retrosternal space following par¬ 
tial T sternotomy (head is on the left hand 
side) 
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2.2.2 Inferior Partial"!" 
Sternotomy 

2.2.2.1 Patient Position and Skin 
Incision 

The skin incision begins in the me¬ 
dian sulcus over inferior two-thirds 
of the sternum (Fig. 2.25). It is posi¬ 
tioned between the third intercostal 
space and the point two finger- 
breadths under the xiphoid process 
in the linea alba (Fig. 2.26). After 
the subcutaneous tissue is dissected 
and the small vessels have been 
coagulated, the sternal surface is 
exposed (Fig. 2.27). 



Costoxiphoid 

ligament 



Pectoralis major 


Sternal membrane 


Xiphoid process 


Fig. 2 .27. Subcutaneous structures 
(head is on the left-hand side) 
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The pectoral fascia and the sternal 
part of the pectoralis major are 
incised in order to dissect the third 
intercostal space (Fig. 2.28). The 
sternal parts of the pectoralis 
major are lifted up from the bony 
surface to provide a better interpre¬ 
tation of topographical orientation 
(Fig. 2.29). 


Fig. 2.28. Incision of the pectoralis major 
and the pectoral fascia (head is on the 
left-hand side) 



Sternal membrane 

Pectoralis major 















54 2 Surgical Approaches 



Manubrium 
of sternum 


Sternal Internal intercostal Pectoralis 

angle muscle major 


The intercostal muscles of the 
second intercostal space are then 
exposed. Note that the intercostal 
muscle is covered by a thin mem¬ 
brane, which is a direct continua¬ 
tion of the external muscle. The 
perforating vessels, which belong to 
the vascular system of the internal 
thoracic artery (provides the blood 
supply to the pectoralis major), 
should be ligated. The musculature 
in the third intercostal space is 
incised prior to the sternal incision 
(Figs. 2.30 and 2.31). 


Fig. 2.30. Exposure of the left second inter¬ 
costal space 


Manubrium of sternum 


Pectoralis major 



During incision of the muscle, one 
should recall the direction of the 
internal thoracic artery. Lateral 
placement of the incision may 
cause unsolicited hemorrhaging 
and necessitate conversion to a 
median sternotomy. 


Fig. 2.31. Exposure of the right second 
intercostal space 


Pectoralis major Internal intercostal muscle 

(clavicular part) 
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2222 The Sternal Incision 

A vertical sternal incision extends 
from the xiphoid process to the 
third intercostal space. The process 
above the linea alba is incised prior 
to the sternal incision. The incision 
extends two finger-breadths under 
the xiphoid process. Subsequently, 
the medial attachment of the rectus 
abdominis in the sternocostal angle 
is dissected and then the xiphoid 
process is split along the midline 
(Figs. 2.32 and 2.33). 


Fig. 2 .32. Exposure of the xiphoid process 


Linea alba Rectus sheath 



Body of the sternum Xiphoid process Costoxiphoid ligament 


Note that the xiphoid branch runs 
between the rectus abdominis and 
the rectus sheath. As mentioned 
earlier, an artery may be found in 
7% of cases; this artery should be 
ligated to avoid accidental bleeding 
(Fig. 2.33). The dissection is contin¬ 
ued retrosternally to release the 
pericardium and the parietal pleu¬ 
ra from the posterior wall of the 
sternum. In this way, damage to the 
pleura and the pericardium may be 
avoided. 


Pectoralis major Rectus abdominis 

Sternal membrane Xiphoid process 



Fig. 2 .33. Incision of the linea alba and 
identification of the xiphoid process 
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Sternal membrane 

Third intercostal space Pectoralis major 


The sternum is divided vertically 
along the midline by using an oscil¬ 
lating saw (Fig. 2.34), to the level of 
the fourth rib. Two oblique inci¬ 
sions are then executed, which 
extend toward the third intercostal 
space from the level of the superior 
end of the vertical incision (Figs. 
2.34 and 2.35). 


Fig. 2.34. Performing an inferior “T” ster¬ 
notomy 



Fig. 2 .35. Inferior partial “T” sternotomy 


After insertion of the minimally 
invasive sternum spreader, the ret¬ 
rosternal adipose tissue, crossed by 
few thymic veins, is dissected to the 
pericardial level (Fig. 2.36). 


Pericardium 


Thymic rest 


Fig. 2 .36. Retrosternal space following “T : 
sternotomy 
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2.23 "J" Sternotomy 


2.2.3.1 Patient Position and Skin Incision 

The patient is in the supine position, 
as required for a standard sterno¬ 
tomy (Fig. 2.37). The skin incision 
is made in the anterior midline 
over the superior one-third and 
middle one-third of the sternum. 

It begins at the level of the second 
rib and extends to the fourth ster¬ 
nocostal junction (Figs. 2.37 and 
2.38). 


Fig. 2.37. Patient position for “J” sternotomy 



Fig. 2.38. Skin incision for “J” sternotomy 
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Sternum 



After the subcutaneous tissue is 
dissected and careful hemostasis of 
the subcutaneous vessels is per¬ 
formed, the right sheet of the pec¬ 
toral fascia and the pectoralis 
major are identified (Fig. 2.39). 
Initially, the muscle is incised 
obliquely just over the fourth inter¬ 
costal space. Reaching the midline 
of the sternum, at the level of the 
fourth rib, the incision extends 
from the midline over the sternum 
to the level of the second rib. The 
pectoralis major is further incised 
obliquely over the second intercos¬ 
tal space (Fig. 2.40). 

Fig. 2 .39. Sternal insertion of the right pec¬ 
toralis major (head is on the left-hand side) 


Pectoralis major 



Sternum 


Pectoralis major 


Fig. 2.40. Incision of the right pectoralis 
major insertion (head is on the left-hand 
side) 
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The sternal part of the pectoralis 
major is retracted from the right 
hemisternum for better interpreta¬ 
tion and orientation. Note that the 
external fascia covers the internal 
intercostal muscles. The perforat¬ 
ing branches of the internal tho¬ 
racic vessels in the intercostal 
spaces are identified and ligated 
(Fig. 2.41). 


Fig. 2.41. External intercostal membrane as 
seen after retraction of the right pectoralis 
major 


Pectoralis major Sternum 



Internal External Radiate 

intercostal intercostal ligament of 

muscle membrane head of rib 


Immediately prior to the sterno¬ 
tomy, intercostal muscles in the 
fourth and second intercostal 
spaces are incised (Fig. 2.42). 
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Fig. 2.42. Performing the “J” sternotomy 
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2 . 23.2 The Sternal Incision 

An oscillating saw is also recom¬ 
mended for this incision. An 
oblique sternal incision begins 
from the fourth right intercostal 
space to the medial line. Then, a 
vertical sternal incision is per¬ 
formed in the midline beginning at 
the fourth sternocostal joint and 
extending toward the second rib 
(Fig. 2.42). The superior horizontal 
sternal incision connects the mid¬ 
dle of the right first intercostal 
space and the superior edge of the 
vertical incision (Fig. 2.43). 

Fig. 2.43. Incision of the sternum 


Pericardium Left lung inferior lobe 
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After insertion of the sternal 
spreader, the anterior mediastinum 
is exposed; in the presented case 
the left and right pleural spaces 
were opened, and consequently the 
left and right lungs were brought 
into view (Fig. 2.44). 
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Fig. 2.44. Anterior mediastinum after “}” 
sternotomy 
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2.2.4 "j" Sternotomy 


2.2.4.1 Patient Position and Skin Incision 

The patient is in the supine position 
(Fig. 2.45). The skin incision com¬ 
mences two finger-breadths under 
the jugulum and continues to the 
level of the fourth sternocostal 
junction (Figs. 2.45 and 2.46). 


Fig. 2.45. Patient position for “j” sternotomy 
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The subcutaneous tissue is dis¬ 
sected and the insertion of the pec- 
toralis major to the sternal body is 
exposed (Fig. 2.47). The intrajugu¬ 
lar ligament, which is positioned 
between the sternoclavicular junc¬ 
tions, is identified; for a successful 
sternotomy, this must be divided 
(Fig. 2.48). 

Fig. 2.47. Exposure of the sternum follow¬ 
ing the skin incision for a “j” sternotomy 
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Subsequently, the dissection and 
partial release of the manubrium 
from the retrosternal tissue is per¬ 
formed digitally. The fourth inter¬ 
costal space is exposed by incising 
the pectoral fascia from the sternal 
notch down to the third sternocos¬ 
tal junction (Fig. 2.49). To further 
expose the fourth intercostal space, 
an oblique incision of the pectoralis 
major is performed over the fourth 
intercostal space. Thereafter, the 
intercostal muscles are separated 
(Fig. 2.50). 



Intrajugular ligament 
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Fig. 2.49. Incision of the right pectoralis major and the pectoral fascia 
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Sternum, sternal membrane 



Sternocleidomastoid muscle Pectoralis major 


2.2.4.2 The Sternal Incision 

We suggest performing the “j” ster¬ 
notomy using an oscillating saw 
because of its favorable handling 
(Fig. 2.51). The incision begins at 
the fourth intercostal space as an 
oblique incision and extends medi¬ 
ally to the level of the fourth ster¬ 
nocostal junction (Fig. 2.51 and 
2.52). 


Fig. 2.51. Performing a “j” sternotomy 



Fig. 2.52. Distal part of the sternal incision 



The vertical part of the sternotomy 
should be made after completion of 
the oblique incision, extending 
from the level of the fourth sterno¬ 
costal junction in the midline, to 
the sternal notch (Fig. 2.53). After 
insertion of the sternum spreader, 
retrosternal adipose tissue is dis¬ 
sected to the pericardial level (Fig. 
2.54). 


Fig. 2 .53. Proximal part of the sternal 
incision 
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Fig. 2.54. Retrosternal space as seen after 
“j” sternotomy 
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2.3 Thoracotomy 

2.3.1 Anterolateral Thoracotomy 

2.3.1.1 Patient Position and Skin Incision 

The patient is positioned in the left supine position with 
the right chest elevated at 30° (Fig. 2.55). The incision is 
made in the inframammary region and extends from the 
parasternal line toward the anterior axillary line, forming 
a curved line that begins by the parasternal line at the level 


level of the fourth rib. The skin incision then extends two 
finger-breadths under the nipple, crossing both the mid- 
clavicular line in the fifth intercostal space and the ante¬ 
rior axillary line above the bed of the sixth rib (Fig. 2.56). 




Fig. 2.56. Skin incision for a right antero¬ 
lateral thoracotomy 
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Fig. 2.57. Clavipectoral fascia 


The subcutaneous adipose tissue is dissected to the level 
of the fascia. The veins found in the subcutaneous adi¬ 
pose tissue are branches of the thoracoepigastric vein, 
which should be coagulated. After reaching the level of 
the fascia, the pectoralis major and serratus anterior 
should be distinguished. If the skin incision was per¬ 
formed correctly, only the inferior section (abdominal 
section) of the pectoralis major should appear. Division 
of the muscle in this manner allows only the inferior 
section to be denervated (Fig. 2.57). 

The division of the muscles corresponds to the skin 
incision. The pectoralis major and the serratus dorsi are 
dissected over the bed of the fifth rib (Fig. 2.58). The 
edges of the muscles should be retracted in order to 
identify the fourth and fifth ribs. Note that the rectus 
abdominis inserts into the bed of the fifth rib (Fig. 2.59). 


Pectoralis major 



Fig. 2.58. Incision of the pectoralis major and serratus anterior 
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Fig. 2.59. Insertion of the rectus abdominis on the fifth rib 
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Fig. 2.60. 

Supracostal 
incision of the 
external inter¬ 
costal muscle 


External intercostal muscle 
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Fig. 2.61. Incision of the external intercostal muscle 
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Fig. 2.62. 

Removal of the 
rectus abdomi¬ 
nis from the 
fifth rib 


2.3.1.2 The Thoracic Incision 

The thoracic cavity is opened at the fourth intercostal 
space. There are three well-known and commonly used 
surgical procedures for achieving this. 

1. Incising the intercostal muscles in the intercostal 
space, with the opening cut beginning at the superior 
edge of the inferior rib of the corresponding intercostal 
space. Note that the external and internal intercostal 
muscles run in opposite directions (Figs. 2.60 and 2.61). 
The internal intercostal muscles are oriented in the ven¬ 
trodorsal direction, from the inferior to the superior 
edge of the rib (Fig. 2.62). The external intercostal mus¬ 
cle does not reach the lateral edge of the sternum and 
the sternocostal junction; instead, it ends at the para¬ 
sternal line. Thereafter, the internal intercostal muscle is 
covered by the external intercostal membrane. Using 
this approach, the supracostal structures such as the 
supracostal arteries, veins, and nerves (which are 
branches of the intercostal arteries, veins, and nerves) 
can be easily damaged (Fig. 2.63). However, this does 
not influence any segmental innervations or blood sup¬ 
ply. After the segmental branches are coagulated and 
the parietal pleura is exposed (Fig. 2.64), the thoracic 
spreader may be inserted (Fig. 2.65 and 2.66). 
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External intercostal muscle 



Fig. 2.63. Incision of the internal intercostal muscle 



Right lung 

Parietal pleura 



Fig. 2.64. Opening of the thoracic cavity 
Right lung, superior lobe 
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Fig. 2.65. Exposure of the right lung 
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Fig. 2.66. Schematic drawing of the exposed right lung 
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2. Opening of the rib bed so as to leave the musculature 
of the thorax undamaged: After the incision (Fig. 2.67) 
and retraction of the pectoralis major and latissimus 
dorsi, the corresponding rib is exposed (Fig. 2.68). This 
opening is made on the rib bed from which the perios¬ 
teum is removed. The opening of the anterior periosteal 
lamina is made with one horizontal and two vertical 
incisions (Fig. 2.69). 


Pectoralis major 




Fig. 2.69. Incision and dissection of the rib periosteum 
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Fig. 2.68. Exposure of the corresponding intercostal space 



Costal cartilage 


Internal 

intercostal 

muscle 


Rib periosteum 


Body of the rib 


External 

intercostal 

muscle 



Fig. 2.70. Opened rib bed over the anterior rib surface 
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Fig. 2.71. Mobilization of the rib over the posterior rib bed 


The horizontal one is made over the body of the 
rib, while the two vertical ones, which also indi¬ 
cate the length of the horizontal incision, are 
made at the ventral and dorsal ends of the long 
cut. The periosteum is then retracted from the 
anterior rib surface by using a raspatorium 
(Figs. 2.69 and 2.70). 
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The posterior lamina of the rib bed can also be 
retracted from the rib surface. In this procedure, 
the posterior rib bed is liberated from the poste¬ 
rior surface of the rib (Fig. 2.71). After the poste¬ 
rior surface of the rib is completely free from its 
bed (Fig. 2.72), the rib is resected by using a special 
rib scissor (Fig. 2.73). 


Fig. 2 .73. Rib resection, schematic drawing 


Body of the rib 
Fig. 2.72. Rib resection 
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The resected rib is removed and the 
posterior wall of the rib bed is exposed 
(Fig. 2.74). The rib bed is then incised 
with one longitudinal and two vertical 
incisions. The vertical incisions are 
made parallel to the edges of the remain¬ 
ing rib (Figs. 2.75 and 2.76). After the 
thoracic spreader is inserted, the tho¬ 
racic cavity can then be opened. 
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Fig. 2.75. Incision of the posterior rib bed 
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Fig. 2.74. Exposure of the endothoracic fascia and posterior 
rib bed 


Fig. 2 .76. Entering the thoracic cavity External intercostal muscle 
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3. The periosteum of the exposed rib is incised just 
above the superior edge of the rib (Fig. 2.77). The peri¬ 
osteum is removed from the anterior aspect of the rib 
with the aid of a raspatorium (Fig. 2.78). The thoracic 
cavity may be entered above the superior edge of the rib 
by opening the posterior surface of the rib bed (Figs. 2.79 
and 2.80). In this approach, the rib is not removed. 
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Fig. 2.77. Incision of the periosteum 
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Fig. 2.79. Opening, incision of the thoracic cavity 
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Fig. 2.78. 

Exposure of 
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Fig. 2.80. 

Exposure of 
thoracic cavity 
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Fig. 2.81. Patient position for posterolateral thoracotomy 


2.3.2 Posterolateral Thoraco¬ 
tomy 

2.3.2.1 Patient Position and Skin 
Incision 

The patient is in the right supine 
position with the left chest elevated 
at 45°. The left hand is flexed and 
adducted over the chest. The abdo¬ 
men is elevated at 15°, the right leg 
is extended, and the left leg is 
flexed (Figs. 2.81 and 2.82). 


The skin incision is S-shaped and 
begins in the midline between the 
inferior angle of the scapula and 
the spinal column (Figs. 2.82 and 
2.83). It runs toward a point that is 
two to three finger-breadths under 
the inferior angle of scapula. When 
that point is reached, the incision 
should be curved up into the direc¬ 
tion of the fifth rib, which is 
reached in the anterior axillary 
line. 


Fig. 2.82. Lateral view of the skin incision (head is on the right-hand side) 




Fig. 2.83. Posterior view of the skin incision (head is on the right-hand side) 
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The skin incision is further curved 
toward the nipple and ends 2-3 cm 
under it (Fig. 2.84). The subcutane¬ 
ous adipose tissue is dissected until 
the fascia of the anterolateral tho¬ 
racic region is reached (Figs. 2.85 
and 2.86). 


Fig. 2.84. Anterior view of the skin incision 
(head is on the right-hand side) 
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Fig. 2.85. Exposure of the fascia with mus¬ 
cles, as seen after the skin incision 
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Fig. 2.86. Superficial fascia of the lateral 
thorax region (head is on the right-hand 
side) 


Fascia of latissimus dorsi 
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Fascia of external oblique muscle Fascia of serratus anterior 


Note that the fascia of the latissi- 
mus dorsi ends at the muscular 
edge. In contrast, the border be¬ 
tween the fascia covering the ser¬ 
ratus anterior and the pectoralis 
major is visible (Figs. 2.87 and 
2.88). The incision of the fascia cor¬ 
responds to the direction of the 
skin incision. 


Fig. 2.87. Fascia of the dorsal thorax muscle 
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Fig. 2.88. Fascia of the ventral muscles 
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For better interpretation of the 
muscles and their topographical 
orientations, the fascia is dissected 
from the surface of the muscles 
(Fig. 2.89). After the skin incision is 
made, the following muscles should 
be identified: pectoralis major, ser¬ 
ratus anterior, and latissimus dorsi. 


Fig. 2.89. Muscles as exposed by anterolate¬ 
ral thoracotomy 
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The pectoralis major and the serra- 
tus anterior are located in the ante¬ 
rior and lateral chest walls, while 
the latissimus dorsi belongs to the 
dorsal chest muscles (Figs. 2.90, 
2.91, and 2.92). The muscles are 
dissected following the shape of the 
skin incision (Fig. 2.93). 


Fig. 2.90. Muscles of the lateral thorax wall 
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Fig. 2.91 . Muscles at the inframammary region 
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The latissimus dorsi is incised via 
cauterization as close as possible to 
its insertion so as to preserve the 
innervated portion (Figs. 2.93, 2.94, 
and 2.95). The serratus anterior is 
incised close to its rib insertion site 
to expose the deep chest muscula¬ 
ture (Fig. 2.96, 2.97). The edges of 
the muscles are retracted so that 
the intercostal spaces are visible 
(Figs. 2.94, 2.95, 2.96, and 2.97). 


Fig. 2.93. Incision of the muscles 
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Fig. 2.94. Exposure of the thorax wall following muscular 
incision 
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Fig. 2 .95. Dorsal view of the muscular incision (head is 
caudal in this view) 


External intercostal muscle 
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Fig. 2.96. Anterior view of the muscular 
incision 




Fig. 2.97. Lateral view of the muscular 
incision (head is cranial) 
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Fig. 2.98. Opening of the thorax cavity (head is on the right-hand side) 


Endothoracic fascia 



2.3.2.2 The Thoracic Incision 

The thoracic cavity can be opened 
at the level of the fifth or fourth 
intercostal spaces. The incision 
should begin at the level of the 
fourth intercostal space if the target 
structures are the aortic arch, the 
patent arterial duct, or the aortic 
isthmus. If the entire length of the 
thoracic aorta must be seen, the 
incision should be made at the level 
of the fifth intercostal space. 

To identify the correct rib, one 
must palpate the space between the 
lateral chest wall and the latissimus 
dorsi until the second rib is identi¬ 
fied. This is the landmark that en¬ 
ables counting the ribs inferiorly/ 
caudally to identify the correct 
intercostal space. The thoracic inci¬ 
sion is then executed above the 
superior edge of the corresponding 
rib. To avoid damage to the inter¬ 
costal structures, the intercostal 
muscle must be incised immedi¬ 
ately superior to the rib (Fig. 2.98). 
To also prevent injury to the lung, 
the pleura should be punctured to 
ensure free space. The lung is then 
gently retracted from the chest wall 
and the incision is widened (Figs. 
2.98 and 2.99). 


Fig. 2.99. Exposure of the thorax incision 
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To facilitate retraction of the rib without any 
fractures, the superior border of the rib is 
mobilized further, posteriorly to the costo¬ 
transverse process articulation. This procedure 
preserves the sympathetic chain and the ante¬ 
rior aspect of the internal thoracic artery. A rib 
retractor is used to gently retract the ribs (Fig. 
2 . 100 ), allowing observation of the superior 
and inferior lobes of the lungs. The left cupola 
of the diaphragm is identified immediately 
inferior to the incision (Fig. 2.101). 


Fig. 2.100. Retraction and opening of the thorax 
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Fig. 2.101. Left lung, as seen in antero¬ 
lateral thoracotomy 
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Left lung inferior lobe Aortic arch Vagal nerve Phrenic nerve Left lung superior lobe 


The left lung is gently retracted to 
expose the thoracic aorta in the 
posterior mediastinum. Note that 
both the aortic arch (Figs. 2.102, 
2.103, and 2.104) and the entire 
thoracic aorta are exposed (Figs. 
2.103, 2.104, and 2.105). 


Left brachiocephalic vein 


Left common carotid artery 


Fig. 2.102. Aortic arch and descending 
aorta, as seen in anterolateral thoracotomy 
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Fig. 2.103. Topography of the aortic arch, as 
seen in anterolateral thoracotomy, sche¬ 
matic drawing 
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Fig. 2.104. Topography of the thoracic aorta, 
as seen in anterolateral thoracotomy, 
schematic drawing 
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Fig. 2.105. Thoracic aorta, as seen in antero¬ 
lateral approach 
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2.3.3 Posterolateral Thoraco- 
phrenicotomy 

2.3.3.1 Patient Position and Skin 
Incision 

The patient is in the left lateral 
supine position with hips rotated 
back to a 45° angle to increase ab¬ 
dominal exposure. The left arm is 
adducted, flexed, and fixed over the 
shoulder. The left leg is flexed over 
the stretched right leg (Fig. 2.106). 



The skin incision begins at the 
midline between the spinal column 
and the inferior angle of the scap¬ 
ula. It further extends as a curved 
line, two to three finger-breadths 
under the inferior angle of the 
scapula (Figs. 2.107 and 2.108), fol¬ 
lowing the direction of the sixth rib 
bed. 


Fig. 2.107. Skin incision, inferior view 



Fig. 2.108. Skin incision, posterior view 
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Reaching the parasternal line, it 
then turns diagonally toward the 
linea alba, crossing the cartilages of 
the sixth and seventh ribs. Conse¬ 
quently, the bony chest wall is 
crossed in the parasternal line 
(Figs. 2.109 and 2.110). The anterior 
midline is reached at the border 
between the superior one-third and 
the middle one-third of the linea 
alba. 


Fig. 2.109. Skin incision, lateral view 



The skin incision for total median 
laparotomy is then performed 
(Fig. 2.110). The adipose tissue is 
dissected deep to the fascia of the 
serratus anterior, the latissimus 
dorsi, and the pectoralis major 
(Fig. 2.111 ). Corresponding muscles 
must also be identified. 


Fig. 2.110. Skin incision, anterior view 
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Fig. 2.111. Exposure of the thorax fascia, 
posterior view 
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Serratus anterior 



The serratus anterior and the latis- 
simus dorsi are covered by one 
common fascia (Figs. 2.112 and 
2.113). The border between the 
fascias of the abdominal external 
oblique muscle and the serratus 
anterior are recognizable as a con¬ 
densation of fatty tissue (Fig. 2.114). 
Note that the fascia of the pectora- 
lis major and the abdominal inser¬ 
tion of the pectoralis major at the 
angulus Ludovici pass into the 
rectus sheath (Fig. 2.113). 

Fig. 2.112. Fascia of the lateral thorax wall 
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The incision of the chest wall mus¬ 
cles follows the shape of the skin 
incision (Fig. 2.115). The latissimus 
dorsi is incised very close to its 
insertion. The serratus, external 
oblique muscle, and the pectoralis 
major are incised close to their rib 
insertion sites in order to expose 
the chest wall. 


Fig. 2.115. Incision of the musculature 
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After the muscles are retracted, the 
intercostal muscles and the ribs are 
exposed (Figs. 2.116 and 2.117). 


Fig. 2.116. Exposure of the rib chest after 
muscular incision, superior view 
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Fig. 2.117. Exposure of the rib chest after 
muscular incision, anterolateral view 
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The superficial paravertebral mus¬ 
cles can be identified at the spinal 
column (Fig. 2.118). In order to pre¬ 
serve the integrity of the spinal col¬ 
umn, the thoracic incision never 
extends above this musculature. It 
is also clear that the incision of the 
thoracic musculature crosses the 
cartilages of the sixth and seventh 
ribs (Fig. 1.119). 


Fig. 2.118. Exposure of the rib chest after 
muscular incision, posterior view 
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Fig. 2.119. Rectus sheath and sternocostal 
angle, anterior view 
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To extend the thoracotomy into the 
standard laparotomy, the rectus 
sheath of the left rectus abdominis 
is incised (Fig. 1.120). In this ap¬ 
proach, the abdominal cavity is 
opened prior to the thoracic space. 
The superior epigastric artery, 
which runs in the posterior com¬ 
partment of the sheath, requires 
ligation in some cases. 
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Fig. 2.120. Incision of the rectus sheath, 
anterior view 
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2.3.3.2 The Thoracic and Abdominal Incisions 

The level for chest incision is identified by counting the 
ribs, as mentioned previously. The thoracic incision 
begins above the superior edge of the corresponding rib 


(Fig. 2.121). The thorax is entered via the eigth intercos¬ 
tal space. The intercostal muscles are dissected above 
the superior edge of the seventh rib in order to preserve 
the function of the intercostal structures (Fig. 2.122). 


External intercostal muscles 
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Fig. 2.121. Incision of the chest wall at the sixth intercostal space 
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Fig. 2.122. Exposure of the thorax incision (head is on the right-hand 
side) 


The muscular incision is made until the parasternal line 
is reached. This is the point where the cartilages of the 
sixth and seventh ribs are dissected in order to open the 
abdominal cavity (Fig. 2.123). The rib dissection must 
be performed very carefully, because a incision of dia¬ 
phragm may result in an opening of the fundus of stom¬ 
ach. 
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Fig. 2.123. Resection of the rib arch, anterior view 
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Internal thoracic Branch to the Musculophrenic Transversus Superior epigastric 

artery xiphoid process branch thoracis artery 


Furthermore, one should be aware 
that the internal thoracic artery 
branches at the level of the sixth rib 
cartilage and, in some cases, at the 
level of the seventh rib cartilage 
(Figs. 2.124 and 2.125). In addition, 
if the costal margin is breached, 
damage to the internal thoracic 
artery or to its branches may occur. 


Fig. 2.124. Branching of the internal tho¬ 
racic artery at the sternocostal angle 
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The abdominal cavity is opened 
with a short diagonal dissection of 
the left rectus abdominis and with 
a total median dissection of the 
linea alba. These incisions must be 
done carefully in order to preserve 
the integrity of the anterior sheet of 
the peritoneum. 


Fig. 2.125. Internal thoracic artery and its 
branches, as seen after opening of the tho¬ 
racic cavity 
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Upon entering the thoracic cavity, 
the left lung is collapsed and gently 
retracted medially to expose the 
left posterior mediastinum. The 
insertions of the left diaphragm 
cupola to the lateral chest wall 
(Fig. 2.126) and to the sternum 
(Fig. 2.127), and the dorsal attach¬ 
ment to the vertebral column (Fig. 
2.128) should be inspected. Note 
that at the dorsal attachment the 
aorta is posterior and to the left as 
compared to the esophagus. 


Fig. 2.126. Lateral diaphragmal attachment 



Diaphragm 



Fig. 2.128. Dorsal diaphragmal attachment 



Aorta 


Esophagus 
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Pericardium 


Diaphragm 



To preserve the innervations, the 
diaphragm must be cut circumfe¬ 
rentially to the aortic hiatus (Fig. 
2.129). After the thoracic and 
abdominal cavities are opened, the 
peritoneum can be retracted from 
the diaphragm and the rectus 
sheath, thus facilitating retroperito¬ 
neal repair. This method allows 
exposure of the length of the thora¬ 
coabdominal aorta, beginning from 
the aortic arch (Fig. 2.130) to the 
bifurcation (Figs. 2.131 and 2.132). 
Note that the branches of the major 
visceral arteries are easy to identify 
(Fig. 2.133). 

Fig. 2.129. Course of the diaphragm inci¬ 
sion (dotted line) 


Aorta Esophagus 



Diaphragm Thoracic aorta Inferior left lung lobe Superior left lung lobe Aortic arch 


Accessory hemi-azygos Costal pleura Esophagus Left subclavian artery Phrenic nerve 
vein 


Fig. 2.130. Aortic arch and thoracic aorta 
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Fig. 2.131. Transition between the thoracic 
and abdominal aorta 


Diaphragm Esophagus Inferior lobe of the left lung 



Abdominal aorta Insertion of lumbar Hemi-azygos vein Thoracic aorta 

part of the diaphragm 
right medial crus 


Fig. 2.132. Retroperitoneal cavity with the 
abdominal aorta 


Ureter (abdominal part) Peritoneum Left kidney Celiac trunk Abdominal aorta 



Left common Psoas major lliocostalis Lateral arcuate Insertion of right 

iliac artery lumborum ligament medial crus 
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Insertion of lumbal part 

Left common iliac artery of diaphragm 

Abdominal aorta Esophagus 

Thoracoabdominal aorta, as seen in theater, schematic drawing 


Costal pleura 


Left subclavian artery 


Accessory hemi-azygos vein 


Fig. 2.133. 


Ureter 


Peritoneum 


Left kidney Thoracic aorta 

Diaphragm 


Pulmonary artery 


Pericardium 


Inferior lobe of left lung 

Phrenic nerve 

Left brachiocephalic vein 
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2.4 Minimally Invasive Approaches 

2.4.1 Minimally Invasive Right Lateral 
Thoracotomy 


2.4.1.1 Patient Position and Skin 
Incision 

The patient is in the left supine 
position with the chest elevated at 
30° (Fig. 2.134). The skin incision 
is 8-12 cm long and begins at the 
lateral chest wall 2-2.5 finger- 
breadths under the nipple (Figs. 
2.134 and 2.135). The incision is 
curved, following the shape of the 
fifth rib bed. 


Fig. 2.134. Patient position for minimally 
invasive right lateral thoracotomy 
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Fig. 2.136. Exposure of the pectoralis major 


Fig. 2.137. Incision of the pectoralis major 



5th intercostal 
space 


Fig. 2.138. Exposure of the fifth rib bed 


After the skin incision, the fascia (Fig. 2.136) and the 
pectoralis major are dissected (Fig. 2.137) from the level 
of the fifth rib to the level of the chest wall, exposing the 
fifth rib (Fig. 2.138). To expose higher ribs, the incised 
pectoralis major is retracted from the chest wall, being 
careful not to damage the perforating branches of ves¬ 
sels to the muscle (Figs. 2.139 and 2.140). 

2.4.1.2 The Thoracic Incision 

The thoracic incision begins in the fourth intercostal 
space, incising the intercostal muscles above the fifth rib 
(Fig. 2.141). To prevent injury to the lungs, the pleura 
must be punctured to ensure free space. The lung is 
then gently retracted from the chest wall, and the inci¬ 
sion is widened (Figs. 2.141 and 2.142). This method 
allows preservation of the infracostal nerve and vessels, 
yet the integrity of the supracostal branches is dis¬ 
turbed. 
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Fig. 2.139. Exposure of the intercostal muscle 


4th intercostal 
space 

5th rib 


External intercostal membrane 



Fig. 2.141. Thoracic incision 



External 
intercostal 
muscle 


Fig. 2.140. Schematic drawing of the exposed intercostal 
muscle 



Fig. 2.142. Opening of the thorax over the fifth rib 
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Right lung, superior lobe 



Fig. 2.143. Exposure of the right lung 

However, these structures are not vital for the function¬ 
ing of the intercostal muscles. The incision is gently 
retracted to reveal the left superior lobe of the lung 

(Figs. 2.143 and 2.144). 



Right lung, middle lobe 

Horizontal fissure 
of right lung 

Fig. 2.144. Exposure of the right lung, schematic drawing 


2.4.2 Minimally Invasive Left Anterior 
Thoracotomy 

2.4.2.1 Patient Position and Skin Incision 


The patient is positioned in the right supine position 
with the left chest elevated at 30°. The skin incision 
begins above the fourth intercostal space. The incision 
is a slightly curved line, which begins at the sternal line 
and extends 8-12 cm laterally 
(Figs. 2.145 and 2.146). 



Fig. 2.145. Patient position for minimally 
invasive left anterior thoracotomy 
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The subcutaneous adipose tissue is 
dissected and the veins coagulated. 
The veins of this region belong to 
the superficial venous drainage of 
the thoracoepigastric system. The 
edges of the skin are retracted so 
that the pectoral fascia (Fig. 2.147) 
and the pectoralis major can be 
identified (Fig. 2.148). 




Fig. 2.147. Exposure of the fascia after the Fig. 2.148. Exposure of the muscle after 

skin incision the fascia incision 
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Pectoralis major 



Fig. 2.149. Incision of the muscle 



Fig. 2.151. The fourth intercostal space 


External 

intercostal 

muscles 



Fig. 2.150. Exposure of the fourth rib 


The fascia is incised followed by the muscle at the level 
of the fourth intercostal space (Fig. 2.149). In some 
cases, the rectus abdominis can be found under the pec¬ 
toralis major. By retracting the incision edges, the fifth 
rib and the superior intercostal space are exposed (Figs. 
2.150 and 2.151). Note the clear direction of the external 
muscular fibers, which are covered by the thoracic fas¬ 
cia (Fig. 2.151). 

2.4.2.2 Thoracic Incision 

The thorax is entered through the fourth intercostal 
space by incising the intercostal muscles at the superior 
edge of the fifth rib (Fig. 2.152). After coagulation of the 
supracostal vessel and of its perforating branches on the 
medial side, the parietal pleura is punctured (Fig. 2.153). 
The spreader is slightly opened for approximately a few 
centimeters (Fig. 2.154). In this approach, the superior 
lobes of the lungs are exposed (Fig. 2.155). At the medial 
edge of the thoracic incision, the internal thoracic ar¬ 
tery and vein must be located and ligated. At this level, 
the vessels are positioned between the internal intercos¬ 
tal muscle and the transversus thoracis. The internal 
intercostal muscles should be carefully dissected in 
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Internal intercostal muscle 



Fig. 2.152. Thorax incision 



Fig. 2.154. Superior lobe of the left lung 


order to locate the artery and vein. According to mea¬ 
surements in the fourth intercostal space, the artery is 
located 13 mm lateral to the sternal line. Before dissect- 



Fig. 2.153. Exposure of the thorax incision 


Left lung, superior lobe 



Fig. 2.155. Superior lobe of the left lung, schematic drawing 


ing these internal thoracic vessels, the internal intercos¬ 
tal muscles should be clipped to the side using double 
clips. 
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2.5 Extrathoracic Approaches to the Heart 

2.5.1 Transdiaphragmatic Approach to the Heart 


2.5.1.1 Patient Position and Skin Incision 

The patient is positioned in the supine position. At the 
level of the first and second lumbar vertebrae, the back 
of the patient is elevated by 10 cm by arching the spinal 
column away from the table at the level of the dia¬ 
phragm (Fig. 2.156). 


The skin incision is made in the anterior midline over 
the superior two-thirds of the linea alba (Figs. 2.156 and 
157). The 10-cm-long skin incision begins two finger- 
breadths superiorly to the xiphoid process, and extends 
inferiorly to 5 cm above the umbilicus (Fig. 2.157). 



Fig. 2.156. Patient position for superior 
median laparotomy 
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The subcutaneous adipose tissue is 
dissected down to the linea alba 

(Fig. 2.158). 


Fig. 2.158. Exposure of the linea alba 


Rectus sheath 


Linea alba 



The linea alba is a white, one-fin- 
ger-breadth-thick structure (Fig. 
2.59) that emerges from the inter- 
digitation of the anterior and pos¬ 
terior planes of the rectus sheath of 
the transverse and oblique abdomi¬ 
nal muscle insertions. Superiorly, 
the linea alba bridges over the 
xiphoid process and continues into 
the periosteum of the sternum. At 
the level of the xiphoid process, it is 
connected bilaterally to the fascia 
of the pectoralis major and to its 
abdominal insertion. 

Fig. 2.159. Preperitoneal fat tissue and inci¬ 
sion of the linea alba 



Rectus sheath Peritoneum 
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Fascia of rectus abdominis 



Linea alba 


2.5.1.2 Opening of the Abdomen 

The connective tissue of the linea 
alba is incised above the xiphoid 
process, followed by an incision 
toward the middle of the abdomen 
(Figs. 2.159 and 2.60). After the 
linea alba is dissected, the parietal 
part of the peritoneum should be 
identified (Figs. 2.159 and 2.161). 


Fig. 2.160. Incision of the linea alba 



Right sheath 


Parietal layer 
of peritoneum 


Fig. 2.161. Peritoneum, parietal layer 



























2.5 Extrathoracic Approaches to the Heart 105 


This is a sheet that covers the intra- 
peritoneal organs, and it should be 
dissected in the next step (Fig. 2.162). 
The left lobe of the liver and the 
greater omentum (which covers the 
transverse colon and the small 
intestine) are exposed (Fig. 2.163). 


Fig. 2.162. Opening of the abdominal cavity 



Rectus abdominis 


Parietal layer of peritoneum 


Liver, ventral surface 

inferior border Peritoneum 



Fig. 2.163. Exposure of the abdominal cav¬ 
ity by superior laparotomy 


Greater omentum 
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Rectus abdominis 



Excision of the xiphoid process at 
this stage facilitates better visuali¬ 
zation of the operating field. It is 
removed by dissecting the tissue in 
the sternocostal angle. Thus, the 
medial attachment of the rectus 
abdominis to the process should 
also be removed (Fig. 2.164). Be 
cautious of the presence of the 
artery that supplies the xiphoid 
process; this can be easily damaged 
and cause unwanted hemorrhaging. 
This artery is one of the terminal 
branches of the internal thoracic 
artery (Fig. 2.164 and 2.165). 


Fig. 2.164. Exposure of the xiphoid process 


Xiphoid process 



Peritoneum 


Greater omentum 


Fig. 2.165. Resection of the xiphoid process 


The retractor should now be posi¬ 
tioned into the left and right costal 
arches. By pulling the left and right 
arches rostrally, a large gap is cre¬ 
ated between the left lobe of the 
liver and the abdominal portion of 
the diaphragm (Fig. 2.166). 

On the abdominal surface of the 
diaphragm, the following structures 
must be identified: central tendon, 
falciform ligament of the liver, and 
left lobe of the liver (Fig. 2.167). 
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The diaphragm is incised vertically 
at the central tendon. The direction 
of the vertical incision corresponds 
to the direction of the muscle and 
nerve fibers. In this approach, 
denervation of the muscle is mini¬ 
mal (Fig. 2.168). One should also 
note that the incision must be two 
or three finger-breadths lateral to 
the falciform ligament. If the inci¬ 
sion is made any closer, the inferior 
vena cava or the diaphragmatic 
surface of the right atrium could 
easily be damaged. It should also 
be understood that the diaphrag¬ 
matic incision does not cross the 
left coronary ligament. 


> 

Fig. 2.166. Exposure of the superior part of the 
abdominal cavity 



Falciform ligament of the liver 



Fig. 2.167. Abdominal aspect of the central tendon 


Diaphragm, — 
central tendon 


Falciform ligament 
of the liver 


Diaphragm 
central tendon 


Coracoid 

ligament 


Liver, left lobe 



Corrfwd 


Fig. 2.168. Abdominal aspect of the central tendon, sche¬ 
matic drawing 
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3.1 Internal Thoracic Artery 

3.1.1 General Anatomy of the Internal Thoracic 
Artery 


3.1.1.1 Origin and Course of the Internal Thoracic Artery 

The thoracic part of the right subclavian artery origi¬ 
nates from the brachiocephalic trunk, just behind the 
sternoclavicular joint, and passes upward in the scale- 
notracheal fossa to the medial margin of the scalenus 
anterior. 

The left subclavian artery arises directly from the 
aortic arch, just behind the left common carotid artery 
at the level of the fourth thoracic vertebra. In its initial 
run off, the artery ascends in the superior mediastinal 
cavity to the root of the neck. From the sternoclavicular 
articulation, the topographies of the left and right sub¬ 
clavian arteries are similar. In the scalenotracheal fossa, 
the artery winds around the pleural cupule toward the 
medial border of the scalenus anterior. 

The muscular part lies in the subclavian groove of the 
first rib. Its boundary is formed by the scaleni anterior 
and medius. This part of the artery forms the highest 
part of the arch described by the vessel. In some rare 
variants, the artery passes in front of the scalenus ante- 


Vagal nerve 


Phrenic nerve 
Scalenus 
anterior 


Jugular vein Clavicle 


rior; in these cases, a vascular ring sometimes sur¬ 
rounds the muscle. In the case of a rudimentary first 
rib, the artery always is seen above the uppermost rib. 
The cervical part is contained in the omoclavicular tri¬ 
angle. The artery runs downward and laterally from the 
lateral margin of the scalenus anterior to the outer bor¬ 
der of the first rib. This is the most superficial segment. 

The internal thoracic artery arises from the thoracic 
part of the subclavian artery, just opposite to the thyro¬ 
cervical trunk and medial to the scalenus anterior. In its 
initial run off, the artery descends on the pleural cupule 
to cross, after a short course, the sternal third of the 
clavicle and the first rib cartilage, in order to enter the 
thoracic cavity. Before reaching the first rib, the artery 
is crossed by the brachiocephalic vein. Shortly after its 
origin, the phrenic nerve joins the artery from its lateral 
aspect. After a short run off, the nerve runs medial and 
ventral to the artery, behind the subclavian vein (Fig. 3.1 
and 3.2). 

On the dry-dissected specimen, the right internal 
thoracic artery is inspected from the omoclavicular tri¬ 
angle. The right clavicle has been removed and the sca¬ 
lenus anterior detached from the first rib. For better 
interpretation of the topographical relationships, the 
subclavian vein has also been removed. One can see that 
the artery originates just behind 
the venous angle and runs on the 

pleural cupule toward the first rib. 
Subclavian . . - 

vein Pleural cupule The P hrenlC nerve 18 P resented as a 
white cord running along the ven¬ 
tral aspect of the brachiocephalic 
trunk and, in this way, crosses the 
internal thoracic artery (Figs. 3.1 
and 3.2). 

The internal thoracic artery may 
branch off from the cervical part of 
the subclavian artery (with an inci¬ 
dence of 1.4%, as postulated by 
Adachi); in this rare instance, the 
artery can be identified on the lat¬ 
eral edge of the scalenus anterior. 


Fig. 3.1. Origin of the internal thoracic 
artery 


Brachial plexus 


Internal Subclavian artery Insertion of scalenus anterior 
thoracic artery 
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Subclavian artery 


Insertion of 
scalenus anterior 


Fig. 3.2. Origin of the internal thoracic artery, schematic drawing 


In this case, the cervical internal 
thoracic artery traverses the first 
rib and enters the thoracic cavity in 
the first intercostal space. 

Run off of the Internal Thoracic 
Artery 

Below the first costal cartilage, the 
artery descends just vertical to its 
branching point. The artery is cov¬ 
ered by the intercostal cartilage and 
the internal intercostal muscle. It 
runs in the connective tissue of the 
endothoracic fascia on the parietal 
pleura, as far as the level of the third 
rib. Below this level, the artery is 
found upon the transversus thora¬ 
cis. The most frequent level of ter¬ 
mination of the artery is the sixth 
intercostal space, where in 90% of 
cases it divides into two branches 
and in 10% of cases into three 
branches (Fig. 3.3). 



Fig. 3.3. Run-off of the 
internal thoracic artery 


Internal thoracic 
artery 


Superior epigastric 
artery 
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Table 3.1 


Intercostal 

Adachi on 52 specimens (mm) 

Sandmann on 

Delorme Mignon 

Our data measured on 50 specimens (mm) 1 

space 



40 specimens 

on 30 specimens 




Male 

Female 

(mm) 

(mm) 

Left 

Right 

I 

8-9 (0-16) 

8 

11 

6-20 

6 (SD 3.9) 

6.4 (SD 3.9) 

II 

13(8-19) 

10 (6-15) 

15.3 

10-20 

13.7 (SD 2.6) 

13.9 (SD 2.7) 

III 

12, 13, 14(16-18) 

11 (5-14) 

15.6 

10-21 

14.5 (SD 3.1) 

14.8 (SD 2.7) 

IV 

12(7-16) 

10 (6-15) 

15.4 

8-25 

14 (SD 3.6) 

14.6 (SD 3.1) 

V 





16.3 (SD 1.7) 

16.8 (SD 2.5) 


Sternal insertion of 

Manubrium of sternum pectoralis major Transversus thoracis Endothoracic fascia 



External intercostal muscle Internal thoracic artery/vein Internal intercostal muscle 


Fig. 3.4. Relation between the internal tho¬ 
racic artery and the sternum 


According to our measurements, the artery runs ap¬ 
proximately 13 mm lateral from the sternal edge. 

Figure 3.4 shows a superior view of the relationship 
between the lateral sternal edge and the run off of the 
internal thoracic artery. The intercostal muscles have 
been removed; one can see that the artery runs superfi¬ 
cial to the endothoracic fascia. The transversus thoracis 
was left in situ. Initially, the artery is medial to the con¬ 
joined vein (first and second intercostal spaces), then 
just behind the third rib the vein crosses the artery and 
travels more medially. This is particularly obvious in 
the third intercostal space. Here, the artery runs along 


the transversus thoracis and is lateral to the vein. Note 
that in the second intercostal space lateral to the vein, a 
retrosternal lymphoid gland has been left in situ. A 
comparison of the distance between the left and right 
arteries revealed no significant deviations (Table 3.1). 
The minimal distance was measured at the first inter¬ 
costal space. From the second to the fourth intercostal 
space, the distance between the artery and the sternal 
line remains approximately constant. We noted increase 
in this distance at the level of the sixth intercostal space 
(Fig. 3.4). 
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1. Vertebral artery 

2. Internal thoracic artery 

3. Thyrocervical trunk 

4. Inferior thyroid artery 

5. Ascending cervical artery 

6. Superficial cervical artery 

7. Suprascapular artery 

8. Transverse cervical artery 

9. Costocervical trunk 

10. Supreme intercostal artery 

11. Deep cervical artery 


Morphological variants of the origin of the internal tho¬ 
racic artery cannot be discussed without emphasizing 
its relationships with the vertebral artery, and the costo¬ 
cervical and thyrocervical trunks. Adachi’s classifica¬ 
tion scheme distinguishes several frequently occurring 
anatomical types with respect to origin from the sub¬ 
clavian artery. In the most common (normal) type 
(45.5%), the vertebral and the internal thoracic arteries, 
and the costocervical and thyrocervical trunks arise as 
separate branches (Fig. 3.5a). In the second variant 
(19%), the internal thoracic artery and the transverse 
cervical artery arise from a common trunk, and the oth¬ 


ers likewise together (Fig. 3.5b). In the third variant 
(8.3%), the internal thoracic artery and the suprascapu¬ 
lar artery share a common origin (Fig. 3.5c). In the 
fourth variant (4.1%), the transverse cervical artery 
originates separately and the other arteries branch off 
together (Fig. 3.5d). All of the vessels may arise from a 
common trunk (3.3%; Fig. 3.5e). The internal thoracic, 
suprascapular, and transverse cervical arteries can arise 
separately, the others having a common origin (3.3%; 
Fig. 3.5f). The internal thoracic and the inferior thyroid 
arteries can have separate origins, with the others aris¬ 
ing together (3.3%; Fig. 3.5g). The transverse cervical 
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artery may arise separately, while separate trunks are 
formed by the internal thoracic artery with the supra¬ 
scapular artery, as well a common trunk formed by the 
inferior thyroid and superficial cervical arteries (2.5%; 
Fig. 3.5h). Separate trunks can also be formed by the 
inferior thyroid, ascending cervical, transverse cervical, 
and superficial cervical arteries. The internal thoracic 
and suprascapular arteries arise separately (1.1%; Fig. 
3.5i). Note that from the surgical point of view the nor¬ 
mal type (Fig. 3.5a) is the standard anatomical situation 
and does not influence the harvesting technique. In the 
cases shown in Figs. 3.5b and 3.5g, additional arteries 
take their origin form the internal thoracic artery. Dur¬ 
ing harvesting in such cases, the transverse cervical and 


suprascapular arteries should be ligated close to their 
origins; leaving these vessels intact may result in coro¬ 
nary steal phenomenon, which in turn causes coronary 
ischemia. 

3.1.1.2 Branches of the Internal Thoracic Artery 

As mentioned previously, the internal thoracic artery 
runs approximately 13 mm lateral to the sternal edge. 
The artery supplies the chest wall, abdominal wall, 
diaphragm, and pericardium (Figs. 3.6 and 3.7). The 
branches of the internal thoracic artery will now be 
described. 
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Fig. 3.6. Branches of the internal thoracic artery 
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Fig. 3.7. Branches of the internal thoracic artery, schematic drawing 







































116 3 Coronary Bypass Grafts 


Right and left 
accessory 
thymic lobes 

Inferior 
thyroid vein 


Left brachio 
cephalic vein 

Thymus 


Thymic artery 


Sternal 

branches 



Thymic vein 


Thymic artery 


Left thymic lobe — 


Left internal 
thoracic artery 


Right 
thymic lobe 


Right internal 
thoracic artery 

Sternum 


The thymic branch is a thin artery 
that branches off at the level of the 
first intercostal space (Figs. 3.8 and 
3.9). Actually, this branch is present 
only in children; later in life, the 
process of fatty degeneration of the 
thymus gland results in loss of func¬ 
tion in this artery. After perform¬ 
ing a median sternotomy, one can 
sometimes identify its fibrotic resi¬ 
due. The thymus is a temporary or¬ 
gan that is positioned in the thy¬ 
mus triangle, which is formed by 
the mediastinal pleura. A fully de¬ 
veloped thymus is pyramid-shaped 
and comprised of two lobes that are 
closely apposed but separated by a 
fibrous membrane. 


Fig. 3.8. Thymic branch 
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Fig. 3.9. Thymic branch, schematic drawing 
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In most cases, the right lobe is big¬ 
ger than the left, and sometimes 
the right and left are separated by 
an intermediate lobe (Figs. 3.10 and 
3.11). Venous drainage of the gland 
is carried out by the thymic vein, 
which collects the venous blood 
from both thymic lobes; after 
fusion of both branches, the main 
stem runs straight to the brachioce¬ 
phalic vein. In contrast to the 
artery, the vein is still present in 
adults. Thus, the topographical 
position of the vein indicates the 
position of the aorta, and so the 
pericardial cover of the aorta may 
be reached by downward dissection 
just inferior to the thymic veins. 


Fig. 3.10. Thymus, anterior view 
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The thymus gland is positioned 
partly in the thorax and partly in 
the neck. It extends from the fourth 
costal cartilage upward, as high as 
the inferior border of the thyroid 
gland. In the thorax, it is covered 
by the sternum, where it rests on 
the pericardium, being separated 
from the aorta and big vessels by 
fascia. When it reaches the neck, 
the superior part of the gland is 
directly in front of the left brachio¬ 
cephalic vein. In the neck, the 
gland is in front of the trachea and 
behind the sternohyoid and sterno¬ 
thyroid muscles. 

















118 3 Coronary Bypass Grafts 


Anterior intercostal artery Branch to xiphoid process 



Musculophrenic Inferior epigastric Xiphoid Rectus Musculophrenic 

artery artery process abdominis branch 

Fig. 3.12. Terminal segment of the internal thoracic artery 


The xiphoid branch is a small bilat¬ 
eral branch that in 10% of (our in¬ 
vestigated) cases branches directly 
from the internal thoracic artery. In 
these cases, it may be considered to 
be a third terminal branch of the 
internal thoracic artery. In some 
rare instances, the artery is a branch 
of the superior epigastric artery. 
However, in both cases, the artery 
passes in front of the xiphoid pro¬ 
cess and forms an anastomosis 
with the opposite artery (Figs. 3.12 
and 3.13). This small branch may 
be the source of the unpleasant 
bleeding that can occur after ster¬ 
notomy procedures. We therefore 
suggest that surgeons identify the 
artery and ligate it before perform¬ 
ing a sternotomy. 
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Fig. 3.13. Terminal segment of the internal 
thoracic artery, schematic drawing 
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The sternal branches of the internal 
thoracic artery are distributed in 
each intercostal space and are the 
main source of the sternal blood 
supply. This intercostal position 
may also be found in infant; their 
origin corresponds to the ossifica¬ 
tion centers of the sternum. As 
noted on dry dissection, the sternal 
branches form an arcade-pattern 
blood supply (Fig. 3.14 and 3.15). 


Fig. 3.14. Sternal branches 
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The pericardiacophrenic branch 
arises from the initial part of the 
internal thoracic artery. In its run 
off, the artery accompanies the 
phrenic nerve and runs toward the 
diaphragm, where it anastomoses 
with the musculophrenic and infe¬ 
rior phrenic arteries. 



Fig. 3.15a-e. Sternal branches of the inter¬ 
nal thoracic artery, schematic drawings 
(b-e see p. 120) 
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Fig. 3.15 b-e 
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Fig. 3.16. Intercostal branches of the internal thoracic artery 



Anterior intercostal branches arise 
in the uppermost five intercostal 
spaces. After the initial run off in 
the intercostal space within the in¬ 
ternal intercostal muscle, the arte¬ 
ry branches off to form the anteri¬ 
or intercostal and supracostal ar¬ 
teries. Initially, both branches run 
between the pleura and the inter¬ 
costal muscles; later on in their 
course, they travel in the subcostal 
space and anastomose with the 
posterior intercostal arteries. 
Before entering the subcostal sul¬ 
cus, a small component branches 
off as the supracostal artery 
(Fig. 3.16). 

The mediastinal branches of the 
internal thoracic artery are small 
and supply the retrosternal fatty 
tissue, the mediastinal lymph 
nodes, and the muscles of the chest 
wall (Fig. 3.14 and 3.16). 
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The muscolophrenic branch is the 
lateral end branch that initially 
runs in the sternocostal recess, 
finally piercing the diaphragm at 
the height of the sixth to seventh 
ribs, where it ramifies (Fig. 3.16). 

The superior epigastric artery is 
the medial terminal branch of the 
internal thoracic artery. It runs 
thought the sternocostal triangle, 
which is a fibrous structure be¬ 
tween the sternal and costal part of 
the diaphragm, and enters the 
sheath of the rectus abdominis 
(Fig. 3.16). 


Fig. 3.17. Perforating branches of the inter¬ 
nal thoracic artery 
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Fig. 3.18. Perforating 
branches of the internal 
thoracic artery, schematic 
drawing 
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Perforating branches originate directly, either from the 
internal thoracic artery or from the sternal branches. 
They contribute to the blood supply of the sternum, 
skin, pectoral muscles, and breast. The perforating 
branches are connected to the vascular system of the 
lateral thoracic artery (Figs. 3.17 and 3.18). 


The lateral thoracic artery is a rare branch that occurs 
with an incidence of only 11%. Adachi found this artery 
only in male specimens; it arises from the initial part of 
the internal mammary artery. Its run off on the internal 
chest wall is in the medial axillary line. In most cases, 
the artery terminates at the sixth or fifth intercostal 
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Internal intercostal muscle 




Fig. 3.19. Morphological variants of the sternal blood supply 


space. In its run off, this branch communicates with the 
anterior and posterior intercostal arteries. 

As noted previously, the main sources of the sternal 
blood supply are the sternal branches. These branches 
are positioned in the intercostal spaces, the positioning 
of which corresponds to the embryologic development 
of the sternum. The corresponding sternal part is sup¬ 
plied by an arcade-like anastomosis. The morphological 
variants of these anastomoses will be discussed later. 

The increased incidence of sternal complications after 
internal thoracic artery grafting is believed to be caused 
by damage to the sternal blood supply. To avoid these 
complications, it has been suggested that surgeons strive 
to preserve the collaterals so that they can provide perfu¬ 
sion to the sternum after mobilization of the internal 




1. Internal thoracic artery 3. Perforating branch 

2. Intercostal branch 4. Sternal branch 


thoracic artery. In this regard, it is recommended that the 
artery is mobilized in a skeletonized fashion. In light of 
this recommendation, it is evident that it is essential to 
describe the detailed anatomy of the sternum’s blood 
supply. 

Based on our data, we can state that not only the ster¬ 
nal branches, but also the perforating branches contrib¬ 
ute to the sternal blood supply. According to their topo¬ 
graphical relationship with each other and with the 
anterior septal artery, several variants have been identi¬ 
fied (Fig. 3.19a-d). A representative view of these 
branching patterns is shown in the angiogram pre¬ 
sented in Fig. 3.20. 
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Fig. 3.20. Angiogram of the inter¬ 
nal thoracic artery 
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In type I (Fig. 3.19a), all three arteries (sternal, perforat¬ 
ing, intercostal branche) arise from the common main 
stem. After a short run off, this common artery 
branches off into the sternal, perforating, and anterior 
intercostal arteries. The collateral blood supply may 
reach the sternum via the anterior intercostal artery. As 
such, the branching point of the main artery must be 
protected from surgical manipulation. 

In type II (Fig. 3.19b), the sternal artery arises as an 
independent branch from the medial aspect of the inter¬ 
nal thoracic artery. The perforating and anterior inter¬ 
costal arteries arise from a common branch. After har¬ 
vesting the internal thoracic artery, the collateral blood 
flow reaches the sternum via the perforating branch. In 
other words, the perforating branch is connected 


directly to the anterior intercostal artery. As such, the 
branching point of the sternocostal artery must remain 
intact. 

In the sternoperforating branch (type III), the sternal 
and perforating arteries from a common stem. There is 
no morphological communication between the sterno¬ 
perforating and the anterior intercostal arteries (Fig. 
3.19c); however, retrograde blood flow may theoreti¬ 
cally reach the sternum by way of the perforating 
branches. It is well known that the perforating branches 
are connected to the vascular system of the lateral tho¬ 
racic artery. As such, the branching point must be pro¬ 
tected from manipulation. 

In the fourth morphological variant, all three arteries 
arise as independent branches (Fig. 3.19d). 
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3.1.1.3 Arcade Types 

As mentioned previously, the main 
sources of the sternal blood supply 
are the sternal and, in some instances, 
the perforating branches. The ster¬ 
nal branches are positioned in the 
intercostal spaces and supply the 
corresponding part of the sternum. 
This topographical position corre¬ 
sponds to the sternal ossification 
zones. The sternal blood supply 
shows an arcade arrangement of 
sternal arteries; however, the perfo¬ 
rating branches also create arcades 
to contribute to this blood supply. 

The perforating arteries give off 
small branches to the sternum that 
form an arcade-pattern blood sup¬ 
ply. These vascular rings of the per¬ 
forating branches are positioned 
between the external intercostal and 
pectoralis muscles. In some instances, 
a vascular connection between the 
superficial and deep arcades exists. 


Fig. 3.21. Types A and B arcades 
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In our dissected specimens, we 
identified eight arcade blood sup¬ 
ply types. 

In type A, the arcade anastomo¬ 
sis is formed by two neighboring 
sternal arteries (Figs. 3.21 and 3.22). 
In type B, a single sternal artery 
supplies the corresponding part of 
the sternum (Figs. 3.21 and 3.22). In 
type C, three sternal branches sup¬ 
ply the intercostal part of the ster¬ 
num (Figs. 3.23 and 3.24). All three 
arteries arise from the medial sur¬ 
face of the internal thoracic artery; 
two of them are arranged as an 
arcade anastomosis, and the third 
branch conjoins with this forma¬ 
tion superiorly. 


Fig. 3.22. Types A and B arcades, schematic drawing 
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Type C 
arcade 


In the next morphological variant of the sternal 
branches, type D, the arteries do not form arcades. As 
noted in the presented case (Figs. 3.25 and 3.26), the two 
arteries arise from the mediastinal branch. 


Comford 

Fig. 3.24. Type C arcade, schematic drawing 
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Fig. 3 .23. Type C arcade 




Fig. 3.26. Type D arcade, schematic drawing 
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Fig. 3.25. Type D arcade 
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Type E arcade 



Fig. 3.27. Type E arcade 
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Fig. 3.28. Type E arcade, schematic drawing 


In type E, the arcade is a result of one single sternal 
artery; however, this case can be interpreted as an inde¬ 
pendent variant. In particular, after the internal inter¬ 
costal muscles are removed, we note that the sternal 
branches of the perforating artery also form an arcade 
of vascular anastomosis. As seen on the dry-dissected 
specimen, these two formations are connected via small 
anastomoses (Figs. 3.27 and 3.28). 

In type F, the two sternal branches are connected by 
two parallel anastomoses. In this case, not only the ter¬ 


minals of the sternal arteries, but also the two side 
branches of each artery are connected to each other 

(Figs. 3.29 and 3.30). 

In case G, a single sternal artery creates an arcade 
pattern with its run off in the intercostal space. The sec¬ 
ond sternal branch, which arises in the middle of the 
intercostal space, runs straight to this arcade formation 
and finally anastomoses with it at the middle of its run 
off (Figs. 3.31 and 3.32). 
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Fig. 3.32. Type G arcade, schematic drawing 
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Fig. 3.31. Type G arcade 
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Fig. 3.29. Type F arcade 
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Fig. 3.30. Type F arcade, schematic drawing 
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Type H sternal arcade 
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Fig. 3.34. Type H arcade, schematic drawing 
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Fig. 3 .33. Type H arcade 


Finally, the last sternum blood-supply type is type H, in 
which there are no direct detectable arcade anastomo¬ 
ses. However, this specimen is presented in order to 
demonstrate that arcades of one intercostal area are 
connected to the neighboring vascular ring. These inter¬ 
connecting branches are positioned over the sternocos¬ 
tal joints (Figs. 3.33 and 3.34). 

Clinical Implications 

Vessels supplying the sternum are prone to damage, not 
only when the internal thoracic artery is being harvested, 
but also when the sternum is being closed. In particular, 
the use of sternal wires may occlude the sternal and per¬ 


forating branches, which are the functional units of the 
sternal blood supply. These arteries may be damaged 
mechanically, especially if the cerclage wires are posi¬ 
tioned around the bone in the intercostal space. Fur¬ 
thermore, not only may damage occur to the sternal 
and perforating branches, but also the wires may harm 
the sternal blood supply by interrupting the vertical 
flow of the arcade anastomosis in each interspace. These 
arcades play an important role in sustaining viability, 
particularly in those segments wherein the adjoining 
interspaces have lost their blood supply. The logical rec¬ 
ommendation is to place the wires in front of the ster¬ 
nocostal joint, as close as possible to the sternal edge. 
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3.1.2 Surgical Anatomy of the 
Internal Thoracic Artery 

After the sternotomy is performed 
in a standard fashion, mobilization 
of the artery is performed prior to 
exposure of the heart and institu¬ 
tion of a cardiopulmonary bypass. 
All of the precardial dissection is 
completed and the retrosternal 
fatty tissue is divided down to the 
pericardium. An asymmetric ster¬ 
nal retractor is then used to elevate 
the hemisternum. 

Fig. 3.35. Exposure of the left hemithorax 



Fig. 3.36. Mediastinal branch 
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The table should be turned away 
from the surgeon and elevated to 
an appropriate level (Fig. 3.35). 
Once the sternum has been lifted, 
the pleural reflection may be dis¬ 
sected from the anterior chest wall. 
Following that, the pleural space 
may be opened widely, from the 
apex near the subclavian vein down 
to the diaphragm; the opening inci¬ 
sion should be performed just two 
finger-breadths under the sternal 
edge. In some cases, the large 
mediastinal branch of the internal 
thoracic artery may be detected 
(Fig. 3.36) running from the artery 
toward the precardial fat tissue 
(Fig. 3.37). In order to avoid exces¬ 
sive bleeding, the mediastinal 
branch should be secured with 
clips. 
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Fig. 3.37. Mediastinal branch, schematic drawing 
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Prior to dissection, one should 
identify the artery on the internal 
chest wall. The artery runs approxi¬ 
mately 1.5 cm lateral to the sternal 
edge, between two veins (Fig. 3.38). 


Fig. 3.38. Relation of the internal thoracic 
artery to the vein 
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Pulsation of the artery, which gen¬ 
erally distinguishes arteries from 
veins, may be visualized or manu¬ 
ally palpated. However, the artery 
may be visually identified quite 
well between the first rib and the 
third intercostal space. Along this 
distance, the artery runs on the 
parietal pleura; from the level of 
the third rib to its bifurcation, the 
artery runs between the chest wall 
and transversus thoracis. Here, the 
artery and the veins cannot be 
visualized very well and the only 
way to identify the run off is by 
manual palpation (Fig. 3.39). 
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Fig. 3 .39. Run-off of the internal thoracic 
artery, schematic drawing 


Some surgeons advocate leaving the pleura intact, sim¬ 
ply pushing the pleura away from the endothoracic fas¬ 
cia, to reduce the incidence of postoperative pleural 
effusion and hemidiaphragm impairment. Furthermore, 
intraoperatively the intact pleura may retract the lung 
away from the operating area. However, this technique 
tends to displace the internal thoracic artery pedicle 
and may result in undesirable angulations by inflation 
of the upper lobe of the lung. 


The medial aspect of the endothoracic fascia is then 
incised at most accessible portion of the internal tho¬ 
racic artery, usually at the level of the middle or inferior 
third. Nowadays, there are two well-established dissec¬ 
tion methods. The dissection maybe started at any 
point along the internal thoracic artery: 
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3.1.2.1 Skeletonized Harvesting 

Prior to the incision, the artery has 
to be identified at the point where 
it crosses the costal cartilage. The 
fascia is incised at the superior- 
most level of the artery near the 
internal thoracic vein. Downward 
traction of the fascia with the arte¬ 
riovenous pedicle, combined with 
cold dissection, permits separation 
of the artery from the anterior 
chest wall. The cold dissection 
should separate the artery from the 
surrounding muscle, fascia, and 
fatty tissue. 


Fig. 3.40. Perforating branches of the inter¬ 
nal thoracic artery 
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Fig. 3.41. Internal thoracic artery, as seen after harvesting, schematic drawing 


We suggest beginning with isola¬ 
tion on the medial aspect of the 
artery, between the thoracic wall 
and the artery, and then progress¬ 
ing over the superficial surface of 
the artery toward the lateral side of 
the graft. In this way, the sternal, 
perforating, and intercostal 
branches are isolated (Fig. 3.40). 

In order to preserve the sternal 
blood supply after mobilization of 
the internal thoracic artery, the 
branches must be secured with 
metal clips just over the internal 
thoracic artery (Fig. 3.41; also see 
Sect. 3.1.1.2). Dissection in this 
manner is carried out along the 
entire course of the artery. 

3.1.2.2 Pedicle Harvesting 

A longitudinal fascial incision is made approximately 
1 cm lateral and medial to the artery. The artery is har¬ 
vested as a pedicle including the fascia, muscle, connec¬ 
tive tissue, and both veins. The incision is made on the 
cartilage, since there are no branches of the artery. An 
appropriate level can be identified and the entire pedicle 
can be detached from the chest wall. The same maneu¬ 
ver is repeated at each rib following exposure of the 
intercostal segments of the artery. In the intercostal 


spaces, the sternal perforating and anterior intercostal 
arteries are electrocauterized or secured with metal 
clips, depending upon their size (Fig. 3.41). The pedicle 
is drawn away with smooth-tipped forceps and peeled 
down from the chest wall by gentle cold preparation 
with the electrocautery blade. By a combination of trac¬ 
tion and cold preparation, the perforating branches may 
be identified and secured; permanent downward trac¬ 
tion facilitates the distal dissection. Finally, the pedicle 
has been separated from the chest wall. 
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Internal thoracic artery Branch to the xiphoid process Superior epigastric artery 


Note that with both procedures, 
care must be taken not to grasp the 
artery directly; retraction against 
the vein or fascia is preferable. 
After the main part of the artery is 
dissected, the harvesting is contin¬ 
ued distally to the branching point 
at the level of the sixth intercostal 
space (Fig. 3.42). 


Fig. 3.42. Terminal branches of the internal 
thoracic artery 
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In some cases, the additional 
length must be secured. In these 
cases, the rectus sheath may be 
opened and the additional length of 
vessel may be taken down. After an 
appropriate length is achieved, the 
distal end of the graft is secured 
with a clip. The dissection is car¬ 
ried on caudally toward the pleural 
cupule. The pedicle is detached 
completely from the chest wall and 
is followed to its origin at the sub¬ 
clavian artery. At this stage, just in 
front of the subclavian vein (Fig. 
3.43), the two branches (the thymic 
branch and the first intercostal 


Fig. 3.43. Proximal segment of the internal 
thoracic artery 
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artery; Fig. 3.44) must be ligated to 
avoid the so-called steal phenome¬ 
non of the internal thoracic artery. 
However, attention should be paid 
to sparing of the pericardiacophre¬ 
nic artery, the artery serving as the 
major (Fig. 3.43 and 3.44) blood 
supply to the phrenic nerve. Dis¬ 
section of the internal thoracic 
artery can be extended upward to 
its origin between the subclavian 
vein and the sternohyoid and ster¬ 
nothyroid muscles (Fig. 3.45). 


Fig. 3.44. Proximal segment of the internal 
thoracic artery, schematic drawing 
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Fig. 3.45. Relationship between the internal tho¬ 
racic artery and the brachiocephalic vein 
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Subclavian vein Phrenic nerve 



At this point, the run off of the 
phrenic nerve cannot be visualized. 
On entering the pleural cupule by 
removing the fatty tissue just 
behind the brachiocephalic vein, 
the phrenic nerve comes into view. 
This white cord-like structure runs 
in front of the artery and crosses it 
from the lateral to the medial 
aspect (Fig. 3.46). 


Fig. 3.46. Origin of the internal thoracic 
artery 
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Elevation of the subclavian vein 
using two strings ensures the sur¬ 
geon great visualization of the ori¬ 
gin and topographical relationship 
of the artery to the phrenic nerve 
(Fig. 3.47; please note that the bra¬ 
chiocephalic vein of the left side is 
positioned between the left sterno¬ 
costal joint and the superior vena 
cava on the right side; the surgical 
situs here presents the situation lat¬ 
eral to the left sternocostal joint, 
and consequently the left subcla¬ 
vian vein was elevated in this fig¬ 
ure). 


Fig. 3.47. Origin of the internal thoracic 
artery and its relationship with the phrenic 
nerve, schematic drawing 
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3.2 Radial Artery 

3.2.1 General Anatomy 

3.2.1.1 Origin and Course of the Artery 

In its run off, the radial artery appears to be a direct 
continuation of the brachial artery. It commences at the 
bifurcation of the brachial artery, just below the bend of 
the elbow, and runs along the radial side of the forearm 
to the wrist. The artery then winds backwards, around 
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Bicipital aponeurosis 
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Brachioradialis 


Flexor carpi radialis 


Ulnar artery 
Ulnar nerve 


Tendon of flexor 
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Palmaris longus 
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Fig. 3.48. Run-off 
of the radial 
artery 



the lateral side of the carpus, just beneath the tendons of 
the abductor pollicis longus and extensor pollicis lon¬ 
gus, and runs toward the space between the first and 
second metacarpal bones. Finally, it passes between the 
first two dorsal interosseus muscles into the palm of the 
hand. The artery crosses the metacarpal bones and 
unites with the deep volar branch of the ulnar artery, to 
form the deep palmar arch (Fig. 3.48). In the forearm, 
the artery extends from the middle of the cubital fossa to 
the proximal part of the styloid process. The initial part, 
just after its origin in the cubital fossa, is covered by fas¬ 
cia and skin. The proximal one-third of the artery runs 
between the brachioradialis and pronator teres (Figs. 3.49 
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Fig. 3.49. Branches of the radial artery 
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and 3.50). Along the distal two- 
thirds of its length, the artery is 
positioned between the tendons of 
the brachioradialis and the flexor 
carpi radialis (Figs. 3.48, 3.49, and 
3.51). Note that the superficial 
branch of the radial nerve runs just 
lateral to the superior two-thirds of 
the artery (Fig. 3.49, 3.52). 

3.2.1.2 Branches of the Radial Artery 

The branches of the radial artery 
may be divided into three groups, 
the branches at the forearm, wrist, 
and the hand. 

The Branches of the Forearm 

The recurrent radial artery branches 
off immediately below the elbow 
(Figs. 3.50 and 3.51). The artery 
ascends between the branches of 
the radial nerve, following the run 
off of the supinator. Later on, the 
recurrent radial artery runs 
between the brachioradialis and 
brachialis, supplying them and the 
elbow joint, and finally anastomos¬ 
ing with the terminal part of the 
profunda brachii. The muscular 
branches are thin and distributed 
to the muscles on the radial side of 
the forearm (Figs. 3.50 and 3.51). 

The volar carpal branch is a 
small vessel that arises near the 
lower border of the pronator qua- 
dratus, running across the front of 
the carpus. This artery anastomo¬ 
ses with the volar carpal branch of 
the ulnar artery (Figs. 3.50 and 3.52). 


Fig. 3.50. Radial artery, as seen following dissection of the pronator teres 
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Fig. 3.51. Origin of the radial artery 



Radial nerve Flexor digitorum Flexor pollicis 
superficialis longus 


Fig. 3.52. Distal part of the radial artery 


The superficial volar carpal branch is a small branch 
that arises near the distal end of the pronator quadratus, 
at the site where the artery is about to wind around the 
lateral side of the wrist. The artery runs across the front 
of the carpus and anastomoses with the volar carpal 


branch of the ulnar artery (Figs. 3.50 and 3.53), runs 
through the muscles forming the ball of the thumb (the 
thenar eminence), and in some cases anastomoses with 
the terminal portion of the ulnar artery, thereby com¬ 
pleting the superficial volar arch (Figs. 3.50 and 3.54). 
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Fig. 3 .53. Angiogram of the radial artery, anteroposterior view 
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Fig. 3.54. Angiogram of the radial artery, lateral view 
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a Normal type b High branching 

of the radial artery 

Fig. 3 .55. Morphological variants of the radial artery 


c High branching 
of the radial artery 
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Morphologic Variants of the Radial Artery 

Under normal conditions, the radial artery branches off 
from the brachial artery at the level of the radial neck 
(Fig. 3.53 and 3.55a). The run off of the artery may be 
described as a straight line placed from the radial neck 
and the direction and the styloid process. In some cases, 
the artery has a highly placed origin (Fig. 3.55b); in the 
presented schematic drawing, the radial artery arises 
from the brachial artery. High division of the brachial 
artery occurs mostly in the inferior or in the proximal 
third of the arm. In cases of a high division of the radial 
artery, the distant part of the brachial artery branches 
off into the ulnar and interosseus arteries. On rare occa¬ 
sions, the radial artery branches off together with the 


interosseus artery (Fig. 3.55c). High division of the ra¬ 
dial artery is without surgical importance and does not 
influence the harvesting of the graft from a technical 
point of view. Note that approximately 75% of radial 
arteries have a high division. 

Insufficient collateral flow between the ulnar and ra¬ 
dial arteries is the definitive contraindication for har¬ 
vesting of the radial artery. The Allen test was proposed 
to prove this; however, in 15% of cases this was found to 
give a false-positive result. In this situation, the patency 
of the ulnar artery must be proved with the aid of pulse 
palpation. The superficial palmar arch is formed by the 
ulnar artery, and is usually completed by a small branch 
of the radial artery, the volaris indicis radialis, and in 
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some cases by the superficial volar artery. The superfi¬ 
cial arch passes across the palm, describing a curve, 
with its convexity pointing downward. The superficial 
arch is a source of the blood supply to the fingers. In 
light of the aforementioned morphological evidence, it 
is imperative to discuss the morphological variants of 
the superficial palmar arch. In particular, in the case of 
insufficient anastomosis between the radial and ulnar 
arteries, harvesting of the radial artery may result in 
ischemic damage to the hand. 

The radioulnar type of superficial palmar arch corre¬ 
sponds to the classical morphological description of the 
superficial arch formed by the ulnar and radial arteries 
(Fig. 3.56, labels 1 and 2). However, only approximately 


25% of the normal types are created by the ulnar and 
radial arteries (Fig. 3.56a), and in another 25% is the 
radial artery very small (Fig. 3.56b). In this case, the 
ulnar artery alone creates the complete superficial arch 
and supplies the first and second fingers. 

In the medianoulnar type (Fig. 3.56c), the median 
artery replaces the radial artery in the formation of the 
superficial arch (6% of cases). In 16.5% of cases the 
superficial arch is not developed (Fig. 3.56e, f). It should 
be noted that harvesting of the radial artery may be per¬ 
formed without any risk of ischemic injury only in the 
radioulnar and medianoulnar morphological variants of 
the superficial palmar arch. 
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Fig. 3.57. Skin incision for radial-artery 
harvesting 


Flexus carpi radialis 


Radial artery 



Fig. 3.58. Exposure of the antebrachial 
fascia 


Brachioradialis Cephalic vein Lateral antebrachial cutaneous nerve 


3.2.2 Surgical Anatomy of the Radial Artery 

3.2.2.1 Skin Incision 

The left radial artery is harvested in right-handed indi¬ 
viduals and vice versa. The patient is positioned with 
the arm at a 90° angle with longitudinal axis of the 
body. The following superficial landmarks define the 
extent of the required skin incision: the brachioradialis, 
the biceps tendon at the proximal end of the forearm, 
the radial styloid, and the tendon of the flexor carpi 
radialis at the distal end of the forearm (Fig. 3.57). A 
groove between the medial side of the brachioradialis 
muscle and the biceps tendon can be palpated at the 
proximal part of the forearm. The skin incision extends 


from a point about one finger-breadth lateral to the pal¬ 
pable biceps tendon, and continues down the length of 
the forearm to a point midway between the tendon of 
the flexor carpi radialis and the radial styloid at the 
wrist crease (Fig. 3.57). It is performed as a slightly 
curved line that follows the rounded belly of the brachi¬ 
oradialis. Note that at the distal third of the forearm the 
artery is not covered by fascia. At this level, it is covered 
by skin; thus, careful dissection of the skin and subcuta¬ 
neous tissue is advisable at this point (Fig. 3.58 and 
3.59). 
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Fig. 3 .59. Distal part of the radial artery 
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Fig. 3.60. Incision of the antebrachial fascia 


3.2.2.2 Division of the Fascia 

After subcutaneous dissection and acquisition of hemo¬ 
stasis, the fascia overlying the extensor and flexor mus¬ 
cles is dissected between the brachioradialis and flexor 
carpi radialis (Fig. 3.59). At this stage, two structures 
lying on the fascia may be damaged: the cephalic vein 


and the lateral antebrachial cutaneous nerve, which 
runs deep to the vein before splitting into volar and dor¬ 
sal branches (Figs. 3.59 and 3.60). 
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Flexor carpi radialis 



Lateral antebrachial 

cutaneous nerve Fig. 3.61. The course of the radial artery 


Flexor carpi radialis Radial artery Flexor digitorum superficialis 



Fig. 3.62. Radial artery, as seen during sur¬ 
gical harvesting 


Lateral antebrachial Cephalic vein Brachioradialis Radial nerve 
cutaneous nerve 


Further deep dissection of the fascia in the proximal 
forearm must be maintained along the radial side of the 
bicipital aponeurosis, so as to avoid damage to the bra¬ 
chial artery, the ulnar artery, and the median nerve. 


With the muscular fascia divided, careful retraction of 
the brachioradialis and flexor carpi radialis reveals the 
entire course of the radial artery in the forearm 

(Figs. 3.61 and 3.62). 
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3.2.2.3 Surgical Harvesting 

The artery is most easily visualized 
in the middle zone, as it emerges 
underneath the cover of the belly of 
the brachioradialis (Fig. 3.63). Ini¬ 
tial dissection should begin here. 


Fig. 3.63. Exposure of the radial artery 
branches 
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Fig. 3.64. Exposure of the radial artery ori¬ 
gin 
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vein (perforating branch) radialis longus nerve vein antebrachial 

cutaneous nerve 


The artery is mobilized minimally so that a vessel loop 
can be placed around it. Elevation of the radial artery 
reveals the perforating branches that exit the main trunk 
(Figs. 3.64 and 3.65). Continuous delicate upward trac¬ 
tion is applied to the vessel loop as these branches are 
divided. The perforating branches that supply the sur¬ 
rounding muscles tend to be longer, sturdier, and more 
prominent than those in the distal third of the forearm. 
The risk of damage to the superficial radial nerve is 
greatest along this section of the arterial run off. 


At the distal part of the artery, first a suture is placed at 
the level of the radial styloid. When the distal suture is 
secured, the artery is divided. One must be particularly 
careful at this point because isolation of the perforating 
branches here is very difficult. The branches are short¬ 
er, finer, and more delicate than along the proximal 
two-thirds of the artery’s length. These perforating 
branches exit the artery at irregular points along the 
dorsomedial and dorsolateral aspects (Figs. 3.65 and 
3.66). 
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Fig. 3.65. Run-off of the radial artery, schematic drawing 
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Fig. 3.66. Relationship between the radial artery and the radial nerve 


In the next step of radial-artery 
harvesting, proximal dissection is 
performed. Here, the artery is 
completely covered by the brachio- 
radialis and surrounding fatty tis¬ 
sue. The small numbers of perfo¬ 
rating branches that arise from the 
dorsal aspect of the artery are large 
and lie very deep to the main vessel 
(Figs. 3.65 and 3.66). The artery is 
accompanied by two satellite veins, 
which drain into the cephalic vein 
at the level of the antecubital fossa. 
The radial artery gently is raised up 
so that it is almost perpendicular to 
the forearm, and a ligature is 
placed at the selected point of the 
division. The most proximal point 
of suture placement is just inferior 
to the branching point of the radial 
recurrent artery. 
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3.3 Gastroepiploic Artery 

3.3.1 General Anatomy 


Left gastric artery — 

Splenic artery - 

Common hepatic artery 


Right gastric artery — 

Portal vein - 

Gastroduodenal artery 


Pyloric branch 


Right 

gastro-omental vein 


Right 

gastro-omental artery 


Right omental artery 


Fig. 3.67. Origin of the 
gastroepiploic artery 
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The right gastroepiploic artery 
arises from the gastroduodenal 
artery. The gastroduodenal artery 
is a short but wide branch of the 
hepatic artery. The artery descends 
between the superior part of the 
duodenum and the neck of the 
pancreas, and divides at the lower 
border of the duodenum into the 
right gastroepiploic and the supe¬ 
rior pancreaticoduodenal artery. 
The initial run off of the gastroepi¬ 
ploic artery is a direct continuation 
of the gastroduodenal artery. In 
some cases, it branches off from the 
right or the left proper hepatic 
artery, the splenic artery, or the 
superior mesenteric artery 
(Figs. 3.67 and 3.68). 


Fig. 3.68. Branches of the gastroepiploic 
artery 
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Omental branches Anterior wall of stomach 



Right gastroepiploic artery Gastric branches Greater curvature 

Fig. 3.69. Gastroepiploic artery along the greater curvature 


The gastroepiploic artery runs 
between the pancreas and the pos¬ 
terior wall of the duodenum, 
toward the pylorus. After reaching 
the pylorus it runs along the greater 
curvature of the stomach, between 
the layers of the greater omentum. 
Except at the pylorus, where it is in 
contact with the stomach, it lies 
about one finger-breadth from the 
greater curvature (Figs. 3.69 and 
3.70). At its termination, the right 
gastroepiploic artery is connected 
to the left gastroepiploic artery, 
which is a branch of the splenic 
artery that supplies the rest of the 
greater curvature. The anastomosis 
of the left and right gastroepiploic 
arteries is also known as the infe¬ 
rior arterial gastric arch. 
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Fig. 3.70. Branches of the gastroepiploic artery along the greater curvature 


In most cases, the right gastroepi¬ 
ploic artery supplies the right two- 
thirds of the greater curvature 
(Figs. 3.69 and 3.71a). In cases 
where the majority of the great cur¬ 
vature is supplied by the right gast¬ 
roepiploic artery, there is no 
detectable connection to its left 
counterpart. The anastomosis of 
the left and right gastroepiploic 
arteries may be found at the mid¬ 
point of the greater curvature 
(Fig. 7.71b). The vascular connec¬ 
tion sometimes presents as a com¬ 
mon branch that reaches up to the 
gastrosplenic ligament (Fig. 7.71c). 
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1 Aorta 

2 Celiac trunk 

3 Common hepatic artery 

4 Splenic artery 

5 Left gastric artery 

6 Right gastric artery 

7 Gastroduodenal artery 

8 Right gastroepiploic artery 

9 Left gastroepiploic artery 

10 Spleen 

11 Stomach 

Fig. 3.71. Morphological variants of the gastroepiploic artery 
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Branches of the Gastroepiploic 
Artery 

The first branch of the gastroepi¬ 
ploic artery is the pyloric branch, 
which arises just before the artery 
enters the double layer of the omen¬ 
tum (Figs. 3.70 and 3.72). In its fur¬ 
ther run off, there are branches to 
the stomach (gastric branches), 
which provide arcade vasculari¬ 
zation to the ventral and dorsal 
stomach walls, while the omental 
branches supply the greater omen¬ 
tum (epiploic branches) and con¬ 
nect to the branches of the middle 
colic artery (Figs. 3.69, 3.70, and 
3.72). 

Fig. 3.72. Angiogram of the gastroepiploic 
artery 
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Fig. 3 .73. Superior median laparotomy, exposure of the epigastrium 
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3.3.2 Surgical Anatomy 

An extension of a median sterno¬ 
tomy into a superior median lapa¬ 
rotomy is usually used to approach 
the right gastroepiploic artery. 
After dissection of the subcutane¬ 
ous fatty tissue and achieving he¬ 
mostasis, the linea alba is reached. 
This fibrous structure is dissected 
and the parietal part of the perito¬ 
neum is opened. The structures of 
the epigastrium are retracted into 
the operating field (Fig. 3.73). The 
liver (segments IVb and V) is seen 
on the upper right side, and on the 
left, the entire left lobe is visible. 
The gallbladder is seen inferior to 
the liver on the right, and the stom¬ 
ach and pylorus on the left. The left 
and right segments are separated 
by the falciform ligament. The gast¬ 
roepiploic artery is usually buried 
within the fatty tissue that is part of 
the greater omentum (Figs. 3.73 and 
3.74). After its origin, the artery 
passes behind the duodenum, 
where it crosses the posterior wall 
of the duodenum and enters the 
greater omentum (Figs. 3.75, 3.76, 
and 3.77). 


Fig. 3.74. Gastroepiploic artery in the 
greater omentum 










3.3 Gastroepiploic Artery 151 


To establish the patency of the ar¬ 
tery, this section must be found 
and palpated. Harvesting of the 
artery is initiated at the border be¬ 
tween the antrum and the greater 
curvature of the stomach. Note that 
the artery is accompanied by its 
two veins, which are initially har¬ 
vested with the artery from the 
greater omentum. After the side 
branches are trimmed and carefully 
clipped, the veins are separated 
away from the artery. The artery is 
usually taken down to the two- 
thirds point of the greater curva¬ 
ture (Figs. 3.76 and 3.77). 

Fig. 3.75. Relationship between the pylorus 
and the gastroepiploic artery 
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As mentioned earlier, proximal 
detachment of the artery should be 
limited to the inferior margin of 
the duodenum. However, in cases 
in which the artery is too short, 
harvesting may be extended to its 
origin up to the gastroduodenal 
artery, in which case acute bleeding 
can be avoided by finding the an¬ 
tral branch and carefully trimming 
and clipping it. 



Fig. 3 .76. Run-off of the gastroepiploic 
artery in the greater omentum 


Omental branch Gastroepiploic artery Omentum major 









152 3 Coronary Bypass Grafts 



Anterior wall of stomach 


Gastric branch 


Greater omentum 


Gastroepiploic artery 
Omental branch — 


Fig. 3.77. The course of the artery, shematic drawing 
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3.4 Inferior Epigastric Artery 

3.4.1 General Anatomy 

The inferior epigastric artery originates in 57% of 
cases from the external iliac artery, just superior to the 
inguinal ligament. In 28% of cases, it arises inferior to 
the inguinal ligament, and in 15% of cases from the 
femoral artery. Adachi described its common origin 
with the medial circumflex femoral artery, the deep 
femoral proprial artery, or the medial profundocir- 
cumflex trunk. These common trunks may take their 
origin from either the external iliac artery or the femo¬ 
ral artery. In very rare cases, the artery originates from 
the internal iliac artery together with the obturator 
artery. 


When originating superior to the inguinal ligament, the 
artery runs medially, toward the medial edge of the 
deep inguinal ring. At this level, the artery crosses the 
ductus deferens or, in females, the round ligament of 
the uterus. Here, there are two readily observed 
branches: the pubic branch and the cremasteric artery 
(in females, the artery of the round ligament of the 
uterus). The pubic branch runs toward the symphysis 
and anastomoses with the obturator artery. In some 
cases, the latter may also arise from the inferior epigas¬ 
tric artery. The cremasteric branch enters the inguinal 
canal and divides in the skin of the scrotum (Fig. 3.78). 
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Fig. 3.78. Origin of the inferior epigastric artery 
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Superior epigastric artery Rectus abdominis 



Rectus Internal External oblique muscle Inferior epigastric artery 

abdominis oblique muscle 


From this level, the artery runs 
toward the medial edge of the rec¬ 
tus. The artery and the concomitant 
veins run between the transverse 
fascia and the parietal layer of the 
peritoneum, thereby creating the 
lateral umbilical fold. The artery 
reaches the rectus abdominis in the 
inferior third of the distance be¬ 
tween the symphysis and the umbi¬ 
licus in 48% of cases, and in the 
middle third in 52% of cases. From 
here on, the artery can be located 
on the lateral surface of the rectus 
abdominis (Figs. 3.78 and 3.79). 

Fig. 3.79. Run-off of the inferior epigastric 
artery in a dry-dissected specimen of the 
abdominal wall musculature, posterior 
layer 


Anastomosis between inferior 

Superior epigastric artery and superior epigastric arteries Rectus abdominis 



Along its upwardly directed run 
off, the artery gives off small mus¬ 
cular and cutaneous branches. 
Finally, the artery communicates 
with the superior epigastric artery 
(Figs. 3.80 and 3.81). 


Fig. 3.80. Anastomosis between the inferior 
and superior epigastric arteries, in a dry- 
dissected specimen of the abdominal wall 
musculature, posterior layer 
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Fig. 3.81. Angiogram of the inferior epigas¬ 
tric artery 


Superior epigastric artery 
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In terms of the termination of the 
inferior epigastric artery, several 
variants have been described 
(Fig. 3.82a— i). The artery may be 
present as a single artery in the rec¬ 
tus sheath, which terminates at dif¬ 
ferent levels of the compartment 
(Fig. 3.82a-d). In other cases, the 
superior epigastric artery is also 
present (Fig. 3.82f ) without any 
communication between the arter¬ 
ies. The anastomoses between the 
superior and inferior epigastric 
artery comprise a communication 
of many small branches (Fig. 3.82g), 
as a connection of two (Fig. 3.83h), 
or as a single anastomosis (Figs. 3.80, 
3.81, and 3.82i). The position of the 
artery falls along the line of the 
anterior inferior iliac spine in 80% 
of cases. 


Fig. 3.82. Morphological variants of the 
inferior epigastric artery 
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Linea alba 



Fig. 3.83. Patient position for inferior 
laparotomy 


3.4.2 Surgical Anatomy 

An inferior median laparotomy or a 
paramedian incision may be used 
to approach the conduit. A midline 
incision can be used to harvest 
both the left and right inferior epi¬ 
gastric arteries. The paramedian 
incision starts from the level of the 
umbilicus in the medioclavicular 
line. It first follows the lateral edge 
of the rectus abdominis, and then 
continues, to reach the inferior 
third of the muscle, where the skin 
incision is slightly angled down 
toward the femoral artery, ending 
approximately 3 cm above the 
inguinal ligament. In this section 
we describe the median laparotomy 
approach, whereby the skin inci¬ 
sion begins just inferior to the 
umbilicus (Fig. 3.83). 


Fig. 3.84. Exposure of the linea alba 


Rectus sheath, anterior layer 



Rectus sheath, 
anterior layer 


Fig. 3.85. Incision of the linea alba 
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After anticoagulation and prepara¬ 
tion of the subcutaneous tissue, the 
linea alba and rectus sheath are 
reached (Fig. B.84). The rectus sheath 
is entered only by division of the an¬ 
terior rectus sheath (Figs. 3.85 and 
3.86). 


Fig. 3.86. Exposure of the rectus abdominis 



Rectus sheath Rectus abdominis 


Fig. 3.87. Relationship between the inferior 
epigastric artery and the rectus abdominis 


The medial edge of the muscle and 
the rectus sheath should be retract¬ 
ed laterally to expose the artery. 
The inferior epigastric artery can 
be readily isolated at the level cor¬ 
responding to the lateral border of 
the rectus abdominis. Upward dis¬ 
section under appropriate retrac¬ 
tion conditions is possible until the 
level of the terminal branching of 
the artery, superior to the linea ar- 
cuata (Figs. 3.87 and 3.88). Inferior- 
ly, the artery must be isolated until 
its branching point. At this stage, 
the iliohypogastric nerve must be 
identified and preserved using a 
no-touch technique. To expose the 
origin, the transverse fascia must 
be opened at the pubic insertion of 
the rectus sheath. At the level of the 
arterial origin, it is necessary to 
identify and isolate the external 
spermatic and pubic arteries (Figs. 
3.88 and 3.89). 


Fig. 3.88. Origin of the inferior epigastric 
artery, schematic drawing 
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Inferior epigastric artery 


Rectus abdominis 


Rectus sheath, posterior layer 


Spermatic cord 


Fascia of transverse abdominal muscle 


Fig. 3.89. Origin of the inferior epigastric 
artery 
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4.1 General Anatomy 

4.1.1 Positions of the Coronary Artery Ostia 

In this chapter, we describe the anatomy of the left and 
right coronary ostia. The classical anatomical literature 
describes the origins of the left and right coronary ar¬ 
teries (LCA and RCA, respectively) as being positioned 
centrally in the middle of the left and the right coronary 
sinuses, respectively. 

Considering the blood supply area of the LCA, which 
in most cases includes the sternocostal surface and left 
lateral surface of the heart, one would expect that the 
artery would take its origin from the anterior or left lat¬ 
eral part of the left coronary sinus, and not from the 
central part of the coronary sinus, as it is present in 
most cases. Taking its origin from the left coronary si¬ 
nus, the left main branch (LMB) of the LCA runs in its 
initial phase behind the pulmonary trunk. The direc¬ 
tion of the LMB is straightforward, toward the sterno¬ 
costal surface of the heart. According to its course, the 
LMB may be divided into following parts. The first seg¬ 
ment is found in the left coronary groove and is posi¬ 
tioned just behind the posterior wall of the pulmonary 
root; this is the retropulmonary segment. Note that the 
left coronary groove is bordered anteriorly by the pul¬ 
monary root and posteriorly by the left atrium. The 
second segment of the LMB may be identified leaving 
the posterior wall of the pulmonary root. This segment 
is still positioned in the left coronary groove and may 
stretch between the pulmonary root and the anterior 
interventricular sulcus. This second segment is also 
known as the sternocostal segment of the LMB. The 
length of this segment varies widely. Normally, the 
LMB branches just behind of the pulmonary trunk so 
that the sternocostal segment is absent. If the LMB 
reaches the sternocostal surface of the heart and runs, 
without branching, into the left anterior descending ar¬ 
tery (LAD) and the circumflex artery (Cx), into the an¬ 
terior interventricular sulcus, we call this the long LMB. 

On the other hand, the RCA, after its origin from the 
right coronary sinus, initially passes through the 
groove, which is bordered anteriorly by the posterior 
wall of the infundibulum and posteriorly by the right 
atrium. This groove is also known as the right coronary 
groove. Leaving this area, the RCA enters the right cor¬ 
onary sulcus, where it initially runs around the anterior 
part of the tricuspid valve toward the acute margin of 
the right ventricle. Considering the blood supply area 
of the RCA, which in normal cases includes the right 
side of the heart, it would be appropriate for its origin 


to be positioned on the right side of the right coronary 
sinus. 

For better understanding of the positions of the left 
and right coronary ostia in the wall of sinuses of Valsal¬ 
va, the positions of the coronary artery ostia were inves¬ 
tigated in the horizontal and vertical planes. 

4.1.1.1 Horizontal Plane 

To describe the position of the coronary ostia in the 
horizontal plane, the circumference of the aortic root 
was divided in a clockwise direction into three areas 
corresponding to the position of the left, right, and 
noncoronary sinuses, respectively. The three main 
marking lines, which also indicate the coaptation of the 
leaflets, were positioned at 0, 120, and 360° (Fig. 4.1a, b). 
Note that these reference lines also indicate the borders 
between the three sinuses, see the corresponding dry- 
dissected specimen (Fig. 4.1c). The aortic root is viewed 
from the superior view. The noncoronary sinus is posi¬ 
tioned posteriorly; left coronary sinus is seen on the 
left, and the right coronary sinus on the right (Fig. 4.1c). 
The drawing of the heart (Fig. 4.1a) shows the situation 
schematically. At this point of the discussion, we must 
note that this arrangement, as seen on the presented 
schematic drawing, does not correspond 100% to the 
situation in the native aortic root, in that in native 
hearts the three sinuses do not show symmetrical mor¬ 
phology. The right coronary sinus is the largest, fol¬ 
lowed by the noncoronary sinus and the left coronary 
sinus. As such, the aforementioned divisions between 
the sinuses are not precisely at 0, 120, and 360°. See al¬ 
so the dry-dissected specimen (Fig. 4.1c), where the 
asymmetry of the three sinuses is presented clearly. 
However, from the didactic point of view, we will de¬ 
scribe these three sinuses as symmetrical structures 
(Fig. 4.1a, b; the left side of the heart is marked in red 
and the right side in blue). Moreover, each sinus is di¬ 
vided into three parts, as depicted in the schematic 
drawing of the aortic root, viewed form the superior 
aspect; note that the left coronary sinus is shown in 
red, the right in blue, and the noncoronary sinus in 
gray (Fig. 4.1b). 

The three aforementioned areas in each sinus are also 
defined by three reference lines. In the right coronary 
sinus, the three segments are as follows: the left lateral 
part expands from 0 to 40°, the middle part is placed 
between 40 and 80°, and the right lateral third is posi- 
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Mitral valve 


— Left ventricle 


Right ventricle Pulmonary artery 


Fig. 4.1 . Geometrical fragmentation of the 
three sinuses of Valsalva 


tioned from 80 to 120°. The origin of the RCA is ob¬ 
served mostly in the middle part of the right sinus. The 
noncoronary sinus extends between 120 and 240°. In the 
left sinuses, the following three parts are defined: the 
right lateral third, which is a neighbor to the right coro¬ 
nary sinus and is positioned between 240 and 280°, the 
middle third, which is found between 280 and 320°, and 
the left lateral third, which is defined between 320 and 
0° (see Fig. 4.1b). The origin of the LCA is frequently 
observed in the middle and the right lateral parts of the 
left sinus. In some sporadic cases, the origin is posi¬ 
tioned in the left lateral third. 

A dry-dissected specimen of the right coronary sinus 
viewed from the right lateral view is shown in Fig. 4.2. 


The right side of the interventricular septum has also 
been brought into sight. The dissection was carried out 
in an anterolateral plane, which runs through the mid¬ 
dle of the noncoronary sinus and the anterior interven¬ 
tricular triangle, lateral to the interventricular septum. 
The left coronary sinus and the left half of the noncoro¬ 
nary sinus have been removed. The right sinus, includ¬ 
ing the ostium of the coronary artery and the right side 
of the noncoronary sinus, remains intact. The leaflets of 
the right and posterior sinuses have been removed. 

Note that the origin of the RCA is positioned in the 
right lateral third of the sinus. The ostium of the conus 
branch is positioned just lateral to the origin of the RCA 
(Fig. 4.2). Note that the membranous septum of the in- 
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Right coronary Interventricular septum, Noncoronary 

sinus membranous part sinus 



Fig. 4.2. Left lateral ostium of the right coronary artery 


terventricular septum is positioned just inferiorly to 
intervalvular triangle, between the right and noncoro¬ 
nary sinuses. The membranous septum is joined inferi¬ 
orly to the muscular part of the interventricular septum. 
Its lateral surface is to the left of the noncoronary sinus. 
Superiorly, the membranous septum expands directly 
into the right intervalvular triangle. 

The specimen seen in Fig. 4.3 is the counterpart of 
that presented in Fig. 4.2. Here, the left coronary sinus 
and the left half of the noncoronary sinus have been 
brought into view. Between the two sinuses is the left 
interventricular triangle, which is superior to the ante¬ 
rior leaflet of the mitral valve. Note that the specimen 


Anterior leaflet Noncoronary Left coronary 

of mitral valve sinus sinus 



Posterior papillary muscle Anterior papillary muscle 

Fig. 4.3. Left lateral ostium of the left coronary artery 


includes the whole mitral valve, its subvalvular appara¬ 
tus, and the free walls of the left ventricle. The origin of 
the LCA is presented in the frontal plane. The ostium of 
the LCA is placed in the right lateral third of the left 
sinus. Considering the position of the ostium in the ver¬ 
tical direction of the left coronary sinus, we can de¬ 
scribe the ostium as a high-positioned opening of the 
LCA. That is, the opening of the LCA is positioned just 
inferior to the level of the sinotubular junction (Fig. 4.3). 
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Fig. 4.4. Fragmentation of the sinus of Valsalva wall in the vertical direction 



Fig. 4.5. Central position of the right coronary artery (RCA) ostium 


4.1.1.2 Vertical Plane 

To facilitate the discussion of the 
coronary ostium in the vertical 
plane, the sinus wall was divided 
into the superior, middle, and infe¬ 
rior thirds. This division is pre¬ 
sented on the schematic drawing 
shown in Fig. 4.4. Here, the aortic 
root wall was dissected in the verti¬ 
cal plane, and the wall of the sinus 
is inspected from a lateral view. 

The wall of the sinus of Valsalva 
was divided in a vertical direction 
into superior, inferior, and middle 
levels. The superior level is beyond 
the sinotubular junction, the infe¬ 
rior third includes the base of the 
aortic root, and the middle part is 
positioned between the superior 
and inferior levels (Fig. 4.4). In 
cases where the coronary ostium is 
positioned in the superior third, we 
describe it as being a high-posi¬ 
tioned ostium. In the middle third, 
the coronary ostium is described as 
normal and in the inferior third as 
a deep-positioned ostium (Fig. 4.4). 

The position of the coronary ar¬ 
tery origin in the vertical plane in¬ 
fluences the anatomy of the ostium, 
such that if the origin of the coro¬ 
nary artery is positioned in the 
middle of the sinus wall, the open¬ 
ing of the coronary artery meets 
the wall of the aortic root, in most 
cases at 90°. This results in a 
smooth, round ostium, without any 
sharp incisures (see Fig. 4.5). On 
the specimen shown (Fig. 4.5a), we 
present an isolated aortic root that 
was transected in a vertical direc¬ 
tion. The dissection plane runs through the middle of 
the noncoronary sinus and the anterior intervalvular 
triangle. Note the small labeled drawing on Fig. 4.4, 
where the dashed line indicates the run off of the dissec¬ 
tion plane (Fig. 4.5b). The noncoronary sinus and the 
right coronary sinus are inspected from the left lateral 
view (see the arrow on Fig. 4.5b). The single ostium of 
the RCA emerges centrally from the sinus wall; a 
smooth round ostium is the result (Fig. 4.5). 


Where the origin of the RCA is positioned at the infe¬ 
rior third, special care must be taken during the implan¬ 
tation of an artificial prosthesis; after the placement of 
the prosthesis, the sewing ring or the placing pledget 
may occlude the ostium. In our series we found no such 
deeply positioned coronary ostia; however, McAlpine 
did report a case of a deep right coronary ostium. 
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Fig. 4.6. High-positioned left coronary artery 
(LCA) ostium, frontal view 



The right lateral view of the left 
coronary sinus is presented in Fig. 
4.6. The specimen was prepared 
after a frontal dissection plane was 
used. The dissection plane passes 
through the middle of the noncoro¬ 
nary sinus and the anterior inter- 
valvular triangle (see the dashed 
line on the drawing in Fig. 4.6). The 
inspection direction is from the 
right lateral direction (see the arrow 
in Fig. 4.6b). The leaflet of the left 
sinus has been removed. The coro¬ 
nary artery takes its origin from 
the superior third of the aortic wall; 
this is a high-positioned coronary 
ostium. Note the sharp incisure at 
its inferior margin. 



Fig. 4.7. High-positioned LCA ostium, lateral 
view 


An anterolateral view of the left coronary sinus presented in Fig. 4.7; note 
that the opening of the LCA is positioned in the superior third of the 
aortic root wall. The dissection plane of the aortic root passes thought 
the middle of the LMB and the right intervalvular triangle. The LMB is 
inspected from the lateral aspect. Note that the LMB subtends a sharp 
angle with the lateral wall of the left coronary sinus; consequently, the 
main axis of the artery is directed inferiorly and closes during its run off 
at an angle of 45° with the aortic wall. Furthermore, the opening of the 
LCA has a high position in the frontal plane. Both aforementioned mor¬ 
phological situations result in an incisure at the inferior margin of the 
left coronary ostium. Note also that at the aortic root base, at the level of 
the hinge area of the aortic valve leaflets part of the left fibrous trigone is 
easy to identify. In this case, the very prominent structure contains some 
cartilage elements. This is an exception for the human heart, and it is 
well known that the cartilage tissue cannot be identified even with histo¬ 
logical methods. However, in this case the cartilage tissue can be seen 
with the unaided eye (Fig. 4.7). 
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The ostium of the RCA is in most cases positioned in 
the middle of the right sinus wall The origin of the RCA, 
which is positioned in the superior third of the right 
sinus wall, was a very rare finding in our series. In the 
case presented, the RCA originates from the level of the 
sinotubular junction (Fig. 4.8). An inferior incisure can 
be seen at the ostium of the right coronary sinus. Note 
that discrete calcification plaques are present at the infe¬ 
rior part of the ostium; this phenomenon may be a re¬ 
sult of the impaired flow through the elevated coronary 
ostia and consequent generation of the additional tur¬ 
bulence. The generation of turbulence downstream may 
result in atherosclerosis, which is registered at the open¬ 
ing of the coronary artery (Fig. 4.8). However, the pres¬ 
ence of this morphological variation has further clinical 
significance. The superiorly positioned ostium may be 
injured during cross-clamping of the aorta or during 
dissection, by an inferiorly positioned aortotomy. 

4.1.1.3 Ectopic Location of the Coronary Ostia 

In this part of the chapter we will describe the ectopic 
origins of the LCA and the RCA. Corresponding sche¬ 
matic drawings are presented in Fig. 4.9. The LAD may 
arise from the initial part of the RCA. After its origin, 
the artery crosses the anterior wall of the infundibulum, 
running toward the interventricular sulcus (Fig. 4.9a). 
On reaching the sternocostal surface and the anterior 
interventricular sulcus, the LAD runs as seen in normal 
cases. The course of the artery on the pulmonary trunk 
may follow varying courses from the very high position 
to a very deep placing. In the very high position, the 
LAD crosses the pulmonary root base, and in very deep 
position it crosses the lower part of the right ventricular 
outflow tract. These morphological variants are shown 
in Fig. 4 .9a. It has been postulated that this variant is 
found more frequently in tetralogy of Fallot than in nor¬ 
mal hearts. Note that the relationship between the LAD 
and the infundibulum is important when performing 
reconstruction of a pulmonary stenosis. There is always 
a risk of damaging this vessel when performing a right 
ventriculotomy, especially if the LAD runs beyond the 
pulmonary root. 

The RCA may take its origin from the left coronary 
sinus just lateral to the origin of the LCA (Fig. 4.9b). In 
this morphological variant, the ostium of the RCA is in 
most cases positioned in the right third of the left coro¬ 
nary sinus. The LCA runs out from the left part of the 
coronary sinus. To reach the right ventricle, the RCA 
runs between the pulmonary and aortic roots 
(Fig. 4.9b). 



Fig. 4.8. High-positioned RCA ostium 




Fig. 4.9. Ectopic position of the coronary ostia, morphological variants 
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The LCA may also have an ectopic origin. Its origin 
from the right coronary sinus is seen in Fig. 4.9c. In this 
morphological variant, the LCA originates from the 
right coronary sinus. As compared to the RCA, the ori¬ 
gin of the LCA is usually positioned just superior and to 
the left part of the right coronary sinus. Note that the 
LMB is relatively long, and after its origin runs between 
the pulmonary and aortic roots. On reaching the ster¬ 
nocostal surface of the left ventricle, the LMB divides 
into the LAD and the Cx. The supply areas of the LAD 
and Cx are not different from that of an LCA with a nor¬ 
mal origin. Note that with this kind of morphological 
variant, damage to the LCA during a low-positioned 
aortotomy may have lethal consequences. 

In the following case there is no effective LCA (Fig. 
4.9d) and the LAD and the Cx take their origins from 
different morphological structures. The LAD arises 
directly from the left coronary sinus. It runs straight 
from its origin toward the anterior interventricular sul¬ 
cus. The Cx takes its origin from the initial part of the 
RCA. The RCA originates from the right coronary sinus, 
as in the normal case. The Cx, which actually has an 
ectopic origin in this case, initially runs just around the 
attachment of the tricuspid valve; more specifically, 
between the right coronary sinus and the septal leaflet 
of the tricuspid valve (Fig. 4.9d). On reaching the level of 
the noncoronary sinus, the Cx encircles the whole aortic 
root from behind and runs between the attachment of 
the anterior leaflet of the mitral valve and the non- and 
left coronary sinuses, in front of the right and left atria. 
On reaching the left fibrous trigone, the artery turns in¬ 
to the left part of the coronary sinus on the lateral wall 
of the left ventricle toward the posterior interventricular 
groove. 

In the following case (Fig. 4.9e), the Cx takes its origin 
from the initial part of the RCA and then has a course 
similar to that described in the previous case. The LAD 
arises directly from the right coronary sinus (Fig. 4.9e). 
The LAD in its initial course crosses the infundibulum 
anteriorly, and then runs toward the interventricular 
groove. On reaching the anterior interventricular groove, 
the artery runs in a standard manner toward the apex of 
the heart. In this morphological variant, the entire ster¬ 
nocostal surface of the heart is supplied by the LAD, 
including both the left and right ventricles. Note that 
the diagonal branch, which supplies the lateral surface 
of the left ventricle, takes its origin directly from the left 
coronary sinus. The septal branch takes its origin from 
the diagonal branch; on Fig. 4.9e, the septal branch is 
depicted as the first large branch of the diagonal branch. 
In the following case the Cx and the LAD take their ori¬ 


gin from the LMB (Fig. 4.9f ). The large LMB takes its 
origin from the right coronary sinus, initially running 
between the aortic root and the tricuspid valve in front 
of the left and right atria. Finally, the LMB reaches the 
sternocostal surface of the heart, where it branches into 
the LAD and Cx (Fig. 4.9f ). 

In the final case, the LAD and the Cx originate sepa¬ 
rately from the right coronary sinus, and the course of 
the Cx is similar to that of the LMB described in the 
previous case (Fig. 4.9g). 

Note that the in the retroaortal position of the Cx, as 
described for the cases shown in Fig. 4.9d-g, it runs 
between the mitral and aortic wall annuli. This special 
position of the artery means that it may be damaged 
during the implantation of a mitral or aortic valve, due 
to the deeply positioned sutures. This is especially true 
for mitral valve implantation; it is well known that the 
origin of the left atrium and the course of the artery in 
such cases are coterminous. To avoid damage to the Cx, 
coronary angiograms must be performed and investi¬ 
gated just prior to the surgical intervention. Thus, the 
position of the retroaortal Cx may be identified, espe¬ 
cially in the right anterior oblique (RAO) view of the left 
ventriculogram. 

As described previously, the coronary arteries may 
exhibit three separate origins. In the normal anatomical 
case, there may also be a third coronary artery beneath 
the RCA and LCA that originates separately from the 
aortic root. This third additional coronary artery is 
positioned mostly in the right coronary sinus. In our 
series, the left coronary sinus did not possess an addi¬ 
tional ostium; an additional ostium was observed in 
55% of the 200 investigated hearts. Of these 110 cases, 
the second ostium belonged to the conus artery in 99 
(90%). According to the definition, the conus artery is a 
supernumerary artery that originates from the right 
coronary sinus as an independent artery and runs 
toward the pulmonary conus. Hadziselimovic found this 
artery in 62% of investigated cases; he reported that the 
artery in most cases takes its origin just in front of the 
opening of the RCA, as shown in Fig. 4.10. On the demon¬ 
strated specimen, the heart is transected in the oblique 
plane and the right sinus is viewed from the left lateral 
side. Note the large origin of the RCA; the conus artery 
is in front of the RCA origin. The dissection line is 
through the anterolateral and posterolateral commis¬ 
sures of the tricuspid valve, running in the oblique di¬ 
rection, separating the right coronary sinus from the 
rest of the aortic root. The inflow tract of the right ven¬ 
tricle and the outflow part of the left ventricle have been 
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opened obliquely. The lateral papil¬ 
lary muscle of the right ventricle is 
seen. The pulmonary root has also 
been dissected obliquely. The mus¬ 
culature seen beyond the aortic and 
pulmonary roots belongs to the 
interventricular septum. Note that 
the first septal artery and its origin 
from the LAD have been exposed in 
an oblique plane. The initial part of 
the LAD was brought into view in 
its frontal plane. The origin of the 
first septal artery is also exposed in 
its frontal axis. Note that it is very 
important to differentiate between 
the conus artery and the conus 
branch, which takes its origin from 
the RCA. 

Fig. 4.10. Double orifice of the RCA 
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Fig. 4.11. Triple orifice of the RCA 
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In the following specimen (Fig. 

4.11 ), the initial part of the RCA 
and the right coronary sinus are 
exposed. The RCA was filled with 
the red-colored gelatin. Note that in 
this case three separate arteries 
take their origin from the right cor¬ 
onary sinus. The conus artery orig¬ 
inates from the left lateral part of 
the right coronary sinus. The conus 
artery runs along the border be¬ 
tween the pulmonary root and 
muscular part of the infundibulum 
on its convex surface. Near to the 
conus artery, the first preventricu¬ 
lar artery takes its origin from the 
right coronary sinus; this artery 
is medial to the conus artery and 
runs along the surface of the infundibulum toward the 
sternocostal area of the right ventricle. The first preven¬ 
tricular artery is in this case rather a small artery that 
supplies the anterior wall of the right ventricle. How¬ 
ever, in some cases the artery may be traced to the apex 



First preventricular artery 


Conus artery 


of the heart, as shown schematically in Fig. 4.12. The 
RCA is lateral to both of the aforementioned small 
arteries. Note that in this case the RCA takes its origin 
form the central part of the right coronary sinus. 
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The potential branches of the right coronary sinus are 
listed in Fig. 4.12. The adventitial branch supplies the 
surface of the aortic and pulmonary roots. The right 
sinoatrial node artery may directly originate from the 
right coronary sinus; however, in normal cases the 
artery takes its origin from the initial part of the RCA. 
The first septal artery originating from the right coro¬ 
nary sinus; we found in only one case of our series 
(Fig. 4.11). It is important to assume that the secondary 
ostium does not necessarily belong to the conus artery; 
the first larger preventricular artery was found as an 
independent artery originating from the right coro¬ 
nary sinus. Furthermore, bear in mind that the sec¬ 
ondary ostium may pose a problem when cannulating 
to perform coronary perfusion during aortic valve sur¬ 
gery. It may be large enough to be of hemodynamic 
relevance, but too small to insert a single cannula for 
cardioplegia. 

4.1.2 LMB and the Proximal Part of the RCA 

4.1.2.1 The Axes of the LMB and RCA 

To define the relationship between the LMB and the 
proximal part of the RCA, and the aortic root wall, two 
reference planes were defined: vertical and horizontal. 
In the vertical plane, the direction of the LMB and the 
proximal part of the RCA were compared to the axis of 
the aortic root. The axis of the aortic root is presented 
on the schematic drawing in Fig. 4.13, which depicts the 
left ventricle and the aortic root as seen in the left ante¬ 
rior oblique (LAO) projection. The axis of the aortic 
root was defined as a straight line between the outflow 
tract of the left ventricle, the apex and the midpoint of 
the coaptation of the leaflets (Fig. 4.13). The initial part 
of the coronary arteries may be perpendicular to the 
axis of the root; in this case, both the LCA and RCA are 
present in the horizontal axis. Any deviation from this 
direction is described as an inferior or superior devia¬ 
tion of the LMB and the proximal part of the RCA. The 
perpendicular direction of the RCA and LMB results in 
smooth coronary artery ostia. On the other hand, either 
an inferior or superior deviation may result incisures at 
the coronary ostium (see also Sect. 4.1.1). 

In the horizontal plane, the direction of the proximal 
parts of LCA and RCA were related to the center of the 
left and/or right sinus. The center of the aortic root 
sinus was defined in geometrical terms and determined 
with the aid of an isosceles triangle that was positioned 
in the sinus, as shown in schematically in Fig. 4.14, 
wherein the aortic root is seen from the superior view. 
The base of the reference triangle was positioned be- 
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tween the two commissures, and the apex of the triangle 
was positioned on the sinus wall. The apex of the trian¬ 
gle determines the center of the single sinus. The axis of 
the LMB and of the RCA in the horizontal plane is com¬ 
pared to these reference landmarks. If the axis of the 
coronary arteries crosses the apex and the basal line of 
the triangle at its midpoint, the axis of the correspond¬ 
ing coronary artery subtends a right angle with the 
sinus wall (Fig. 4.14). A better understanding of this 
ideal case is obtained using a tangential line running 
through the apex of the triangle. However, it should be 
noted that this may only be the case if the coronary 
ostium is positioned in the middle third of the sinus. If 
it is positioned in one of the lateral sections, it is not 
possible to have a 90° axis. Each deviation from this 
direction into the lateral direction was determined as 
either an anterior or posterior axis of the corresponding 
coronary artery. 



Fig. 4.14. Position of the LCA and RCA origins in a horizontal plane 


Pulmonary trunk 


Right atrium 


A superior view of the aortic root is 
shown in Fig. 4.15, wherein the 
positions of the LMB and the proxi¬ 
mal part of the RCA are demon¬ 
strated in their horizontal plane. 
The LMB originates from the mid¬ 
dle third of the left coronary sinus, 
resulting in a smooth transverse 
axis. In the presented case, the LMB 
is very short, and after a very short 
run off, the artery branches off 
very quickly into the Cx and LAD. 
Note that in the horizontal plane, 
the LMB forms an angle of 90° with 
the wall of the left coronary sinus 
(Fig. 4.15). 

The proximal part of the RCA 
also arises at right angle from the 
right coronary sinus. The artery 
originates from the middle third of 
the sinus; the axis of the RCA in the 
horizontal plane also exhibits an 
anterior position. In the presented 
case, we deal with the conus branch, 
which originates directly from the 
initial part of the RCA (Fig. 4.15). 



Left superior pulmonary vein Left atrium Superior vena cava 

Fig. 4.15. Medial horizontal axis of the left main branch 
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Right coronary artery Left coronary sinus Left coronary artery 

Fig. 4.16. Anterior horizontal axis of the left main branch 
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Fig. 4.17. Medial horizontal axis of the right coronary Right atrium Right coronary 

artery artery 


Figure 4.16 shows a superior view of 
the posterior part of the aortic root. 
Note that the aortic root is tran¬ 
sected in a special way; the dissec¬ 
tion line runs almost in a vertical 
direction and passes through the 
right part of the left sinus and the 
right third of the noncoronary 
sinus. Consequently, the left part of 
the left and right coronary sinuses 
have been removed, revealing the 
left thirds of the noncoronary and 
left coronary sinuses. Note that the 
opening of the LCA is positioned 
posteriorly, in the left part of the 
left coronary sinus. The ostium is 
in front of the posterior intervalvu- 
lar triangle. To reach the sternocos¬ 
tal surface of the heart and the cor¬ 
responding blood supply area, the 
LMB must run to the left and ahead 
toward the pulmonary root. This 
results in an abrupt change of di¬ 
rection immediately after its origin. 
Thus, the axis of the LMB subtends 
a sharp angle with the aortic root 
wall, which also results in a sharp 
incisure at the ostium. 

A superior view of the RCA and 
aortic root is presented in Fig. 6.17. 
The leaflets in the aortic root have 
been removed. Note that the infun¬ 
dibulum of the right ventricle is po¬ 
sitioned in front of the aortic root. 
The right coronary sinus is just 
posterior to the anterior wall of the 
infundibulum. The origin of the 
RCA is positioned in the middle 
third of the right coronary sinus. 
The axis of the initial part of the 
RCA subtends a right angle with 
the wall of the aortic root, thus the 
anterior axis of the initial part of 
the RCA is perpendicular to the 
aortic root wall. Note that the co¬ 
nus branch, which can be seen in 
this figure as a relatively large ar¬ 
tery, has been dissected (Fig. 4.17). 
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The left posterior aspect of the left 
coronary sinus is presented in Fig. 
4.18; note that the left atrium has 
been removed in this specimen. The 
left coronary sinus is viewed from 
the posterolateral view. In the fron¬ 
tal plane, the LMB subtends a right 
angle at the aortic root wall. This 
means that the initial part of the 
LMB is in a horizontal plane at the 
same level as the ostium of the left 
coronary sinus. In this case, the 
opening of the LCA is present as a 
smooth round structure without 
any incisures. Note that after a short 
run off, the LMB of the LCA turns 
inferiorly. The ostium of the coro¬ 
nary sinus is positioned in the supe¬ 
rior third of the sinus wall, so in this 
case the origin of the coronary ar¬ 
tery may be defined as superior. 

Descending axis of the LMB of 
the LCA is seen in Fig. 4.19, the 
specimen is presented in a postero¬ 
lateral left view and the left atrium 
has been removed. Note that imme¬ 
diately after its origin the artery is 
directed inferiorly in the frontal 
plane. In this case, the axis of the 
LMB is virtually almost parallel to 
the aorta wall. This descending po¬ 
sition of the LMB axis results a 
knife-like incisure in the inferior 
portion of the ostium. 



Left main branch 


Circumflex branch 



Fig. 4.19. Depressed vertical axis of the left main branch 
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Fig. 4.20. Elevated vertical axis of the right coronary artery 


The dry-dissected specimen of the 

Interatrial septum RCA is viewed from the P°Sterolat- 

eral aspect in Fig. 4.20. The right 

atrium has been removed in its en¬ 
tirety, providing the opportunity to 
see the right sinus and the RCA 
from a posterior aspect. The right 
atrium was dissected just superior 
to its attachment, thus exposing the 
annulus fibrosus of the tricuspid 
valve. Note the characteristic course 
of the RCA, which extends from the 
right coronary sinus to the level of 

Right coronary artery t be j unct j on between the left and 

right ventricles. Note the special re¬ 
lationship between the annulus fi¬ 
brosus and the tricuspid valve 
(dashed line). The coronary artery 
meets the wall of the right coronary 
sinus in its deep third. From here 
on, the artery turns superiorly and 
subtends an angle of 40° with the 
wall of the aorta. It then follows a 
course toward the superior direc¬ 
tion, as clearly observed in the 
frontal plane. 

In the posterolateral view shown 
in Fig. 4.21, the proximal segment 
of the RCA is seen; the right atrium 
has been removed. The coronary 
artery subtends a right angle with 
the wall of the sinus, and its initial 
part is placed in the horizontal di¬ 
rection (Fig. 4.21). 

Right coronary sinus 


Fig. 4.21. Horizontal position of the right coronary artery 
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4.1.2.2 The Configuration of the LMB 

A left lateral superior view of the 
main branch of the LCA is shown 
in Fig. 4 .22. The LMB emerges from 
the aortic sinus at a right angle. 

The proximal portion of the LMB is 
positioned in the horizontal plane, 
thus the initial part of the LMB takes 
on an anterior position. The distal 
part of the LMB is directed inferiorly 
and is parallel to the left aortic sinus 
wall (Fig. 4.22). After a short run off, 
the LMB branches off into the Cx 
and LAD arterial branches. The Cx 
continues in the direction of the 
main branch, and the LAD 
branches off perpendicular to the 
direction of both segments (Fig. 
4.22). Note the large anterior atrial 
branch that arises from the Cx, 
which supplies the anterior walls of 
the left and right atria. 



Right superior 

Right coronary artery Superior vena cava Interatrial bundle pulmonary vein 


Right marginal Preventricular Anterior descending Anterolateral Circumflex 

branch branch artery branch artery 


Fig. 4.22. Right-angle branching of the left main stem 


A left anterior view of the LMB and 
its bifurcation is shown in Fig. 4.23; 
the pulmonary trunk and left atrium 
have been removed. Note that only 
the basal part of the pulmonary 
leaflets is visible. The opening of 
the LCA is positioned centrally. The 
main branch is directed inferiorly 
in the frontal plane and anteriorly 
in the horizontal plane. In this case, 
the incisure at the ostium would be 
expected to occur at the anterior 
margin, and the LAD is a direct 
continuation of the anteriorly ori¬ 
ented LMB. The Cx originates per¬ 
pendicular to the axis of the LAD 
and LMB. 

In the two aforementioned speci¬ 
mens (Figs. 4.22 and 4.23), the main 
branch divides into the two branches; 
however, we have observed LCAs 
that give off three or four branches. 


Circumflex artery 


Left anterior 
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Diagonal branch 



Fig. 4.23. Right angled branching of the circumflex branch 
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Fig. 4.24. Trifurca¬ 
tion of the left 
main branch 
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Fig. 4.25. Four 
branches of the left 
main branch 
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In Fig. 4.24, the specimen is viewed 
from the left posterior view. Note 
that in this case the LMB divides 
into the LAD, Cx, and a further, 
diagonal branch, which in this case 
is a direct continuation of the LMB. 
The angle between the Cx and the 
LAD is smaller than 90°. After the 
branching off of the second diago¬ 
nal branch (D2), the LAD descends 
into the myocardium. After a short 
run off, the artery again emerges 
on the surface of the heart. The 
third diagonal branch (D3) origi¬ 
nates from the intramuscular seg¬ 
ment of the LAD. The incidence 
and position of the muscular bridges 
were investigated by Hadziselimo- 
vic in 100 hearts; the occurrence of 
a bridge was confirmed in 52% of 
cases. These formations were iden¬ 
tified on the LAD in 39% of cases, 
on the posterior descending branch 
in 5%, on the Cx in 6%, on the RCA 
in 1%, and on the third coronary 
artery in 1% of cases. 

The next specimen (Fig. 4.25) is 
viewed from the left lateral aspect; 
the arteries and the coronary sinus 
were filled with red and blue gela¬ 
tin, indicating the coronary arteries 
and coronary veins, respectively. 
Anteriorly, the LMB of the LCA is 
directed inferiorly, and after reach¬ 
ing the lateral aspect of the pulmo¬ 
nary artery it branches off into four 
vessels. The LAD continues in the 
direction of the main branch. Near 
to the origin of the LAD, the first 
septal artery branches off from the 
LMB. The third branch, Dl, sup¬ 
plies the anterolateral surface of left 
ventricle. The artery crosses the 
great cardiac vein superiorly. The 
Cx branches off at a 90° angle from 
the LMB and runs toward the coro¬ 
nary sinus. Note that the great car¬ 
diac vein runs just lateral to the 
LAD on the anterior aspect of the 
heart, and on reaching the first sep¬ 
tal artery it turns toward the coro- 
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nary sinus. Before reaching the coronary sinus, the vein 
runs inferiorly to the Dl, and on reaching the coronary 
sinus it turns just superior to the Cx. 

The specimen shown in Fig. 4.26 is viewed in the left 
lateral position. The pulmonary root has been pulled 
down to expose the left sinus. The Cx and LAD emerge 
separately from the middle of the left coronary sinus. In 
this case the LMB does not exist. These morphological 
variations may be of importance when performing the 
coronary angiography, as cannulation of only one osti¬ 
um, neglecting the presence of an additional artery, may 
lead to misinterpretation of the findings. However, the 
surgeon must be aware that additional or even both 
ostia may pose a problem during coronary cannulation 
as a part of the first stage of aortic valve replacement. 
Note that in the presented case the first septal artery 
originates from the Cx. In our series of 500 hearts, we 
found only 1 case where the LAD and Cx had separate 
origins. However it has been postulated that this anom¬ 
aly may be present in only 0.16-0.4% of cases. 

A short LMB is presented in the 
next specimen (Fig. 4.27), in which 
the heart is viewed from the supe¬ 
rior posterior view. The left and 
right atria have been removed from 
just above their attachments to the 
heart base. The LMB emerges cen¬ 
trally from the left sinus. After a 
short run off, the artery branches 
off into the Cx and LAD. The length 
of the main branch was approxi¬ 
mately 3.3 mm. This short length of 
the main branch is of significant 
clinical importance, as it poses a 
problem during coronary angiogra¬ 
phy and coronary perfusion per¬ 
formed for valve replacement or 
reconstruction. McAlpine analyzed 
the data of 100 hearts and found 
this variant relatively frequently, in 
12% of cases, and as such it repre¬ 
sents an important clinical hazard, 
particularly in coronary arteriogra¬ 
phy, wherein the catheter may be 
easily placed in only one or other 
division, resulting a lack of opacifi¬ 
cation of the noncannulated divi¬ 
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Fig. 4.26. Double orifice of 
the left coronary artery 
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Fig. 4.27. Short left main branch 
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4.1.3 Branches of the LCA 

4.1.3.1 Branches of the Cx 

In the normal morphological situa¬ 
tion, the left Cx arises from the 
LMB, thus creating the so-called 
bifurcation of the LCA. After its 
origin, the artery passes just infe¬ 
rior to the left atrial appendage, 
entering the left anterior segment 
of the coronary sulcus. On the pre¬ 
sented specimen, the origin of the 
Cx is seen from left lateral view 
(Figs. 4.28 and 4.29). The Cx is di¬ 
vided along its course into three 
segments: proximal, middle, and 
distal (Fig. 4.29). Note that the ante¬ 
rior interventricular branch contin¬ 
ues in the direction of the LMB and 
the Cx runs to the left; its origin is 
almost under 90°. Immediately af¬ 
ter its origin, the Cx artery gives off 
a large branch, which supplies the 
anterolateral aspect of the left ven¬ 
tricle. In cardiosurgical nomencla¬ 
ture, the branches of the Cx that 
supply the anterolateral aspect of 
the left ventricle are labeled “obtuse marginal branches” 
(OMBs). If the OMB arises from the proximal segment 
of the Cx, we refer to the first OMB. Note that on the 
presented case there is a large first OMD. The third 
OMB originates from the posterior segment of the Cx 
(see also Fig. 4.28). Thus, when this artery is positioned 
at the level of the left ventricular margin, it is also 
known as the marginal branch of the Cx. 

Note that in the presented specimen a large atrial 
branch originates from the proximal part of the Cx. 

This branch runs along the anterior wall of the left atri¬ 
um, crossing the origin of the left appendage. The left 
conus branch, which is a very rare morphological entity 
that arises from the superior third of the LAD, is identi¬ 
fied here (Fig. 4.28). After reaching the margin of the in¬ 
fundibulum, the left conus branch divides into two ar¬ 
teries, the anterior and posterior branches. This topo¬ 
graphical situation will be discussed later. 

In some case, the first OMB runs diagonally, toward 
the posterior wall of the left ventricle. In this case, the 
artery supplies the diaphragmal surface of the left ven¬ 
tricle. 


Fig. 4.28. 

Branches of 
the circumflex 
artery 


Fig. 4.29. Segments of the circumflex artery, left lateral view 
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This situation is seen on a dry-dis¬ 
sected specimen in Figs. 4.30,4.31, 
and 4.32. In these cases, the large 
first OMB branches off from the ini¬ 
tial part of the Cx. The artery runs 
toward the obtuse margin. This situ¬ 
ation is seen in Fig. 4.30 and its cor¬ 
responding drawing (Fig. 4.32). On 
reaching the left margin, it divides 
into the two branches (Figs. 4.30 and 
4.32). The side branch angles down¬ 
ward and runs forward along the 
obtuse margin toward the apex. The 
second branch continues in the di¬ 
rection of the first OMB and runs 
toward the diaphragmal surface of 
the left ventricle (Fig. 4.30). 
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Fig. 4.30. Anterolateral view of the obtuse marginal branch 
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Note that just after the branching 
area, the artery penetrates the myo¬ 
cardial musculature (Figs. 4.31 and 
4.32). Thus in this case, the artery 
is covered by a large myocardial 
bridge (the same specimen is seen 
from the posterior aspect in Fig. 
4.31, in which this muscular bridge 
is clearly visible). 
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Fig. 4.31. Posterolateral view of the obtuse marginal branch 
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Fig. 4.32. Left posterior view of the large obtuse marginal branch 


On the schematic drawing shown 
in Fig. 4 .32, the course of the artery 
through the musculature is marked 
with a dashed line. The artery ends 
just lateral to the apex and supplies 
the inferior diaphragmal surface of 
the heart (Fig. 4.31). Note that the 
large first OMB in this case supplies 
the majority of the anterolateral 
aspect of the left ventricle, the left 
marginal area, and the inferior part 
of the diaphragmal surface of the 
left ventricle. 
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In some cases the Cx is a short seg¬ 
ment that reaches just to the mar¬ 
ginal area of the left ventricle, as 
shown in Fig. 4 .33 (posterolateral 
aspect of the dry-dissected heart; 
the left pulmonary veins have been 
removed). The Cx is a very short 
vessel that reaches just to the di¬ 
aphragmal surface, where it then 
turns down as the posterolateral 
branch. Note that this is a heart 
Right atrium with an extremely right-dominant 
blood supply. 
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Fig. 4.33. Posterolateral branch of the LCA as a termination 
of the circumflex artery 
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Fig. 4.34. Posterolateral branch in left dominance and 
posterolateral descending branches 


The very large Cx reaches the pos¬ 
terior interventricular groove and 
terminates as the posterior inter¬ 
ventricular artery (Fig. 4.34). In this 
case we speak about a left-domi¬ 
nant blood supply. Note the large 
marginal branch, which branches 
off at the obtuse margin and runs 

toward the apex, where it divides 

r Marginal 

into two branches that encircle the branch 

apex from the anterior and posteri¬ 
or sides. The diaphragmal surface 
of the left ventricle is supplied with 
blood by numerous posterolateral 
branches. According to the nomen- p oster oiateral 

clature, the branches of the diaph¬ 
ragmal surface of Cx are known as 
the posterolateral descending 
branches. These arteries are posi¬ 
tioned distal to the marginal 
branch. In the presented case, the 
whole left ventricle is supplied by 
the LCA. Similar to the nomencla¬ 
ture of the OMB, the three branches 
of the PDA are known as the first, 
second, and third PDAs. The sec¬ 
ond PDA is a very large vessel that 
runs toward the apex area; its distal 
third is covered by myocardial 
musculature. 

In the case shown in Fig. 4.35, the 
Cx terminates as the left marginal 
branch. The artery runs toward the 
apex, where it communicates with 
the posterior descending artery. 
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Fig. 4.35. Marginal branch as termination of the left coronary 
artery 
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Fig. 4 .36. Myocardial bridge over the marginal branch 

As described in Sect. 4.1.2.2, the 
myocardial bridges may also be 
present at the marginal branches. 
In the following specimen, almost 
the whole marginal branch is cov¬ 
ered by a muscular bridge 
(Fig. 4.36). In this case the Cx ter¬ 
minates as a small posterolateral 
branch. 
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The atrial branches of the Cx will 
now be discussed. At its initial part, 
in some cases the artery gives off a 
remarkable anterior atrial branch 
just after its origin (Fig. 4.37). This 
branch reaches the anterior wall of 
the left atrium just medial to the 
origin of the left appendage. Intra¬ 
operative amputation of the ap¬ 
pendage due to the Maze procedure 
may damage this kind of arterial 
formation. The artery initially runs 
on the anterior wall of the atrium; it 
then turns the right and runs 
toward the anterior wall of the right 
atrium, following the direction of 
the interatrial band. The second 
atrial branch of the Cx takes its ori¬ 
gin just lateral to the anterior atrial 
branch. This is the so-called poste¬ 
rior atrial branch. The origin of the 
posterior atrial branch is seen in 
Fig. 4.37; Fig. 4.38 presents the same 
specimen from the posterior aspect. 


Fig. 4.37. Atrial branches of the circumflex branch 
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Note that the posterior atrial 
branch runs posterior and to the 
left of the appendage on the poste¬ 
rior wall of the left atrium, toward 
the ostium of the coronary sinus 
(Fig. 4.38). 
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Fig. 4.38. Posterior atrial branches of the circumflex artery 
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The mode of termination of the Cx 
will now be discussed, and is dem¬ 
onstrated on the schematic draw¬ 
ings in Fig. 4.39a-e, in which the 
specimens are inspected from a 
superior view. The RCA is not pre¬ 
sented. Five basic modes of termi¬ 
nation maybe observed. In the first 
case (Fig. 4.39a), the artery supplies 
a small area of the anterolateral 
wall of the left ventricle. In the sec¬ 
ond case (Fig. 4.39b), the Cx is pre¬ 
sent as a very large anterolateral 
branch that runs obliquely around 
the long axis of the left ventricle 
toward the marginal area of left 
ventricle. The artery supplies the 
anterolateral wall and the diaph- 
ragmal wall of the left ventricle. In 
the third case (Fig. 4.39c), the Cx 
reaches the diaphragmal surface of 
the heart and terminates in one big 
posterolateral branch. In most cases, 
the balance of the blood supply 
belongs to these vascularization 
types. In the fourth type (Fig. 
4.39d), the Cx ends at the OMB. 
Finally, in the fifth type (Fig. 4.39e), 
the Cx terminates in the posterior 
interventricular groove and ends as 
the posterior descending artery. 
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Right superior pulmonary vein 



Morphological Variant of the Cx Originating 
from the RCA 

This variant is shown on Fig. 4.40, in which the speci¬ 
men is viewed from the superior anterior direction to 
expose the course of the Cx; the pulmonary root has 
been retracted away from the aortic root. The anoma¬ 
lous Cx arises from the initial part of the RCA. At first 
the artery courses just above the attachment of the tri¬ 
cuspid valve and the right atrium to the membranous 
part of the septum. This part is just in front and to the 
right of the intervalvular triangle. The artery then 
winds around the bottom of the aortic root; this corre¬ 
sponds to the noncoronary sinus segment, crosses the 
right fibrous trigone, and continues across the left fi¬ 
brous trigone to terminate on the left lateral wall of the 
left ventricle. 

The relationship between the artery and the tricuspid 
valve, mitral valve, and aortic root is very clear. Note 
that the vessel may be injured by a deeply placed suture 
during valve placement or in the placement of a patch to 
close a primary septum defect. Due to its position be¬ 
tween the mitral and aortic annuli, the artery may be 
entrapped following dual valve replacement. The inci¬ 
dence of this type of arterial variation has been re¬ 
ported to be as high as 0.07-0.35%. This relatively high 
rate of occurrence is an additional reason why coronary 
arteriography should be undertaken just prior to the 
operation. 


4.1.3.2 Branches of the LAD 

The LAD is a branch of the LMB. In some special cases 
the artery may arise from the RCA or directly from the 
left coronary sinus. In most cases, the bifurcation of the 
LMB is posterior to the pulmonary trunk; in this case, 
the part of the LAD that originates from the LMB is 
positioned posterior to the pulmonary trunk and is 
termed the retropulmonary segment. In the case of a 
direct origin from the left coronary sinus or a short 
LMB, the LAD may even be traced to the left coronary 
sinus. 

In the case of a very long LAD, the proximal third of 
the artery runs between the pulmonary trunk and the 
anterior wall of the left atrium. In the anterior inter¬ 
ventricular sulcus, the artery courses downward toward 
the apex, as described for classic cases. In most cases 
the artery reaches the apex and then courses beyond 
the apex of the heart, terminating on the diaphragmatic 
surface of the left ventricle. For a better morphological 
understanding of the arterial course and its relation¬ 
ship to the left and right heart, the artery was divided 
into three segments: the superior, middle, and inferior 
thirds. This division corresponds to the segments of the 
anterior interventricular sulcus. In the retropulmonary 
position, the LAD in most cases does not have branches. 
In the anterior interventricular sulcus, the LAD gives off 
superficial and deep branches. The superficial branches 
run toward the sternocostal surface of the left and/or 
right ventricles. The branches to the sternocostal sur¬ 
face of the left ventricle are termed diagonal branches. 
The deep branches run in the interventricular septum 
and are termed septal perforating branches. 

The course of the LAD is presented on the presented 
dry-dissected specimen in Fig. 4.41, in which the heart is 
viewed from the left anterolateral aspect. The LMB is 
very short and divides into three vessels, the LAD, the 
Cx, and the first diagonal branch (Dl). A relatively short 
LMB results in a long LAD. In Fig. 4.42 LAD gives of 
three diagonal branches, which run along the sternocos¬ 
tal surface of the left ventricle. D3 originates from the 
inferior third of the LAD and D2 originates from the su¬ 
perior third of the LAD and may be termed a high diag¬ 
onal branch. Note that D2 and D3 run laterally on the 
anterolateral aspect of the left ventricle. Dl originates 
from the fork between the LAD and Cx, as the third 
branch of the LMB. 

According to the classical anatomical nomenclature, 
the diagonal branch is defined as a branch of the main 
LCA that arises from the fork formed by the Cx and the 
LAD. This situation is seen on both specimen presented 
in Fig. 4.41 and Fig. 4.42. Since the artery runs in a diag- 
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Fig. 4.41. Origin of the diagonal branch (Dl) 

onal direction between the Cx and 
the LAD toward the lateral surface 
of the left ventricle, the term “diag¬ 
onal branch” is used. In anatomical 
reports, it has been postulated that 
the artery is the third branch of the 
LMB. Trifurcation of the LCA was 
postulated to occur in 58-60% of 
cases. However, the surgical no¬ 
menclature also uses the term diag¬ 
onal branch for the lateral branches 
of the LAD running to the anterior 
aspect of the left ventricle (Fig. 4.42). 
We have also followed this rule; 
however, in a strictly anatomical 
manner, the diagonal arteries 
should be directed anteroinferiorly 
or posteroinferiorly. The branches 
that descend in the lateral or the 
posterolateral direction should be 
labeled the anterolateral branches. 
However, for a better and clearer 
understanding of the nomencla¬ 
ture, the lateral branches of the 
LAD and the third artery of the 
LMB have been labeled diagonal 
branches. Furthermore, we classi¬ 
fied these arteries according to 
their origin and course. Dl is used 
to describe the third branch of the 
LMB or the artery arising from the 
LAD; D2 refers to the arteries aris¬ 
ing from the middle part, and D3 
to those arising from the inferior 
third of the LAD. One should also 
note that the Cx in some cases gives 
off arteries to the anterolateral sur¬ 
face of the left ventricle. If they 
arise just in front of the left mar¬ 
ginal branch in terms of crossing to 
the left margin, these arteries are 
labeled OMBs (Fig. 4.43). 
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Fig. 4.42. Diagonal branches of the left anterior descending 
branch (LAD) 
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Fig. 4.43. Origin of the second diagonal branch (D2) 


In some cases, the LAD has only one large diagonal 
branch, as seen on the dry-dissected case in Fig. 4.43, 
which may take its run off just parallel to the LAD. 
Intraoperatively, and especially in the case of a pro¬ 
nounced presence of pericardial fat tissue, it may be dif¬ 
ficult to identify both arteries. A very important land¬ 
mark is the course of the anterior cardiac vein, which in 


most cases runs to the left of the LAD. Note that in 
Fig. 4.41 D1 originates from the retropulmonary part of 
the LAD and its diameter corresponds to that of the 
LAD. However, the direction of the two arteries is quite 
different. The LAD runs in the anterior sulcus and D1 
runs anterolaterally toward the inferior part of the 
obtuse margin (Fig. 4.41). 
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In the next dry-dissected specimen, 
D2 arises from the middle third of 
the LAD (Fig. 4.44; specimen and 
the LAD inspected from the ante¬ 
rior view). D2 branches off into two 
small arteries, both of which supply 
the apex region of the left ventricle. 
Note also the presence of Dl, which 
supply the anterolateral aspect of 
the heart. 

The variants of the diagonal 
branches are summarized on the 
schematic drawing presented in 
Fig. 4.45, which shows the left ven¬ 
tricle from the left lateral view (of a 
coronary angiogram). Each draw¬ 
ing contains aortic and pulmonary 
roots, the left ventricle, mitral 
valve, and the LCA. In Fig. 4.45a the 
low diagonal branch originates 
from the inferior third of the LAD, 
and in this case supplies the apical 
part of the left ventricle. In Fig. 
4.45b, the intermediate diagonal 
branch is used when the artery 
originates from the middle third of 
the LAD. As shown in Fig. 4.45c, the 
vessel is termed a high diagonal 
branch if the artery originates from 
the angle between the LAD and the 
Cx or from the superior third of the 
LAD. According to their course, the 
diagonal branch may run just paral¬ 
lel to the LAD (Fig. 4.45d), or origi¬ 
nates from the LAD at approxi¬ 
mately 90° (Fig. 4.45e) and runs ap¬ 
proximately perpendicular to the 
LAD. In this case the artery in sup¬ 
plies only the anterolateral surface 
of the left ventricle. The diagonal 
branch may cross the anterolateral 
surface of the left ventricle, run¬ 
ning toward its diaphragmal sur¬ 
face (Fig. 4.45f). From a strictly an¬ 
atomical perspective, this artery 
should be termed a posterolateral 
branch of the LAD. 
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Fig. 4.44. Origins of Dl and D2 
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Fig. 4.45. Morphological variants of the diagonal branches, left lateral view 
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A left anterolateral view of the dry- 
dissected heart is shown in Fig. 
4.46, wherein the anterolateral 
branch of the LAD gives off the left 
conus artery. In the literature, this 
branch is termed “left Vieussens’ 
artery.” Note that D1 branches off 
from the middle third of the LAD, 
and runs just parallel to the artery 
toward the apex (Fig. 4.47). 

The branches that supply the 
right ventricle will be discussed in 
the following. 


Circumflex 

artery 

Fig. 4.46. Double conus branch, left lateral superior view 
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Fig. 4.47. Double conus branch, left lateral view 
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Fig. 4.48. Anterolateral view of the diagonal branch 
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A lateral superior view of the aortic 
and pulmonary roots is presented 
in Fig. 4.48. The LMB divides into 
the LAD, Dl, and Cx. D1 continues 
in the direction of the LMB. A very 
interesting variation of the first 
septal artery is presented here; 
namely, the first septal artery origi¬ 
nates from the initial part of the 
Cx. Note that the LAD gives off the 
conal branch, which runs on the 
anterior wall of the pulmonary 
root. The left conal branch takes 
its origin just in front of the Dl 
(Fig. 4.48). 

In the specimen shown in Fig. 
4.49, the conal branch branches off 
in front of Dl. On reaching the lat¬ 
eral wall of the pulmonary trunk, 
the artery divides into the anterior 
and posterior left conus arteries. 
The anterior left conus artery cre¬ 
ates an anastomosis ring with the 
right anterior conus artery, termed 
Vieussens’ anastomosis (analogous 
to the anterior anastomosis), and 
the posterior branches are con¬ 
nected to each other just behind 
the pulmonary trunk. It has been 
reported that a vascular ring can be 
found around the pulmonary root 
in 48% of cases. The creation of a 
vascular ring around the pulmo¬ 
nary root between the LCA and 
RCA may be of particular impor¬ 
tance when performing the Ross 
procedure. Thus, during harvesting 
of the pulmonary root, these arter¬ 
ies may be damaged and could be a 
source of annoying intraoperative 
bleeding. 


Fig. 4.49. Coronal branch of the left anterior descending 
artery, anterior-lateral view 
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In the following case (Fig. 4.50; an 
anterior view), the anterior wall of 
the left ventricle has been removed, 
thus opening the muscular inter¬ 
ventricular septum. The attach¬ 
ment of the pulmonary root to the 
outflow tract remains intact. Shown 
are the first and second septal ar¬ 
teries, which originate from the 
LAD. The arteries supply the septal 
band of the right bundle. The third 
septal artery arises from inferior 
segment of the LAD. This artery 
proceeds deeply and is involved in 
the blood supply of the left anterior 
band. 


Fig. 4.50. Exposure of the septal branches 




Fig. 4.51a, b. Morphological variants of a dislocated LAD. a A normal case, b Ectopic course of 
the LAD 


Fig. 4.51 presents a schematic of the 
morphological variants of the 
translocated LAD. The hearts are 
seen from the anterior view, and 
both the LCA and RCA are depict¬ 
ed. In Fig. 4 .51a, the normal LAD 
condition is presented, while Fig. 
4.51b presents a translocation of 
the LAD running over the infundib¬ 
ulum in various directions. Such 
translocations occur only rarely in 
the normal heart; however, there is 
an accumulation of occurrences 
among cases of tetralogy of Fallot. 
This is particularly unfortunate, be¬ 
cause the artery may be damaged by 
performing a vertical incision of the 
infundibulum for insertion of an en¬ 
largement patch. It is not surprising 
that in the past a large number of 
deaths have resulted from the divi¬ 
sion of this artery during surgical 
correction of this malformation. Se¬ 
lective preoperative coronoangio- 
graphy seems to be indicated. Fur¬ 
thermore, in this era of a revival of 
the Ross procedure, surgeons must 
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Fig. 4.52. Anterolateral view of the right coronal artery 


be aware of this morphological var¬ 
iation. The artery is vulnerable to 
damage during mobilization of the 
pulmonary root. 

4 . 1.4 

The RCA in normal anatomical 
cases originates from the right cor¬ 
onary sinus. The relationship 
between the sinus and the initial 
part of the coronary artery has 
already been discussed. The initial 
part of the RCA is positioned just 
behind the pulmonary trunk, in the 
space between the right atrium, the 
right coronary sinus, and the pul¬ 
monary trunk. This virtual cavity 
is also known as the right coronary 
fossa. After a short course in the 
right coronary fossa, the artery 
reaches the right distal segment of 
the coronary sulcus, where it runs 
toward the right margin of the 
right ventricle to reach the poste¬ 
rior interventricular sulcus. 

According to its position, the RCA 
maybe divided into three segments. 

The first, or initial segment is positioned in the right 
coronary fossa. The next part is termed the anterior 
segment of the RCA; it begins at the point where the 
RCA enters the coronary sinus and courses to the right 
acute margin. Note that this anterior segment enters the 
coronary sinus just in front of the anterolateral leaflet of 
the tricuspid valve, and is thus in very close contact 
with the annulus fibrosus. As it continues, when the 
anterior segment approaches the marginal area, it is 
even further displaced away from the annulus. Finally, 
at the right margin it is just superior and anterior to the 
tricuspid valve. The third part of the RCA is to be found 
between the acute margin and the posterior descending 
sulcus. This part of the coronary artery is not so closely 
related to the annulus fibrosus of the tricuspid valve; in 
most cases it is just inferior to the tricuspid valve. 

The anterior segment of the RCA is presented in the 
specimen shown in Fig. 4.52, which shows an anterior 
view of the heart. Note a very small right conus branch, 
which runs at the border between the pulmonary artery 
and the conal part of the right ventricle. This is at the 
junction between the musculature and the arterial sub¬ 
stance. This right conus artery is connected directly to 


the left conus artery, and as such they create an anasto¬ 
mosis ring surrounding the pulmonary root (Fig. 4.52). 
The conus branch must be differentiated from the conus 
artery. The artery originates as an independent artery 
from the right coronary sinus; by contrast, the conus 
branch originates directly from the initial part of the 
RCA. 

A large preventricular branch may be seen on the 
presented specimen (Fig. 4.52). This branch supplies the 
anterior wall of the right ventricular outflow tract. In 
most cases the branch originates from the initial part of 
the RCA. In the presented specimen, the preventricular 
branch divides into one major and one smaller artery 
(Fig. 4.52). The superior branch with its two subdivi¬ 
sions delivers the blood to the outflow part of the right 
ventricle. The main larger branch, which is an extension 
of the preventricular branch, runs toward the apex. 

Note that during its course, the artery penetrates the 
musculature of the infundibulum (Fig. 4.52). 

At the level of the right acute margin, a large acute 
marginal branch arises from the RCA. In classical ana¬ 
tomical nomenclature, this artery is also known as the 
right marginal branch. The artery runs at the acute 





192 4 Coronary Arteries 


Atrial branch 


Right 

coronary 

artery 


Right 

marginal 

branch 




Left posterior 
atrial branch 


Marginal 

branch 


Fig. 4 .53. Right lateral view of right coronary artery 
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margin toward the apex of the left 
ventricle (Fig. 4.52). 

A right lateral view of the RCA is 
shown in Fig. 4 .53; the transition 
between the anterior and posterior 
segments of the RCA is presented 
in this view. The artery encircles 
the anterolateral and posterolateral 
parts of the tricuspid valve. The 
detailed topography of the relation¬ 
ship between the RCA and the tri¬ 
cuspid valve will be discussed in 
Chap. 8. Here, we will discuss only 
the branching of this segment. Note 
the large atrial branch that runs 
along the lateral wall of the right 
atrium. The marginal branch origi¬ 
nates in this case from the middle 
part of the RCA. The small branches 
of the marginal artery supply the 
conjoining part of the right ventri¬ 
cle. 

A posterior view of the left and 
right ventricles is shown in 
Fig. 4.54, showing the terminal part 
of the RCA. The posterior interven¬ 
tricular artery branches off from 
the RCA. The RCA crosses the crux 
and terminates on the diaphragmal 
surface of the left ventricle. Here, 
the RCA gives off two posterolat¬ 
eral branches, which supply the 
diaphragmal part of the left ventri¬ 
cle. The posterior interventricular 
artery does not reach the apex, it 
terminates at the inferior third of 
the posterior groove. The anasto¬ 
mosis between the anterior and 
posterior interventricular branches 
has been exposed at the inferior 
third of the posterior interventricu¬ 
lar sulcus in Fig. 4.54. The LAD 


Fig. 4.54. Posterior view of right coronary artery 
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Fig. 4.55. Diaphragmal surface of the right dominant heart 


runs around the apex and termi¬ 
nates on the diaphragmal surface of 
the heart. Although the blood supply 
of the presented heart shows an ex¬ 
treme right dominance, the atrio¬ 
ventricular node artery branches off 
from the LCA. Inferior to the open¬ 
ing of the coronary sinus, the atrio¬ 
ventricular artery enters the space of 
the posterior superior process of the 
left ventricle, and thus supplies the 
atrioventricular node and the bun¬ 
dle of His. 

A lateral posterior view of the in¬ 
termediate-dominated blood sup¬ 
ply is presented in Fig. 4.55. Note 
the large postero lateral branch 
running toward the apex. The ori¬ 
gin of the posterior descending ar¬ 
tery does not exhibit a classical an¬ 
atomical situation. It arises from 
the middle part of the RCA at the 
sternocostal surface, corresponding 
to the origin of the right marginal 
branch. From its origin, it turns to¬ 
ward the diaphragmal surface of 
the heart and runs parallel and in¬ 
ferior to the RCA toward the poste¬ 
rior interventricular sulcus (Fig. 

4.55). On reaching the posterior sulcus, the posterior 
descending artery turns downward toward the apex. 
Note that the diameter of posterior descending artery is 
almost the same as that of the RCA. In the real surgical 
situation, the presented anatomy may be very confus¬ 
ing, especially when one must identify the target artery 


upon which to perform a coronary bypass. The RCA 
crosses the crux cordis and terminates as the right pos¬ 
terolateral branch on the diaphragmal surface of the left 
ventricle. The Cx of the LCA terminates as a single 
branch in termed the left posterolateral artery. 
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4. Circum marginal of posterior descending artery 



Fig. 4.56. Termination variants of the RCA, diaphragmatic view 


Variations of the termination of the RCA are shown dia- 
grammatically in Fig. 4.56. The morphology of the ter¬ 
mination is very important because, in the case of prox¬ 
imal obstruction of the RCA, for example, the surgeons 
brings the graft to the RCA on the crux or just to the 
right of the crux. However in some cases, to achieve 
optimal revascularization, it is advisable to bring the 
anastomosis on the posterior descending artery (PDA) 
or to the left ventricular posterolateral branches of the 
RCA. This is especially true if multiple small, nongraf- 
table distal branches of the RCA are present, if the PDA 
is large, or in the case when the posterolateral branch of 
the RCA on the left ventricle is larger then the PDA. 

We will first discuss the relative size of the PDA and 
of the right posterolateral branch (Fig. 4.56, part 1). As 
presented in Fig. 4.56, part la, the RCA terminates in 
multiple small arteries. Note that there is no graftable 
large branch. The PDA is also presented as a small 
branch that supplies just the superior third of the fourth 
groove. In Fig. 4.56, part lb, the PDA is present as a 
large branch that turns around the apex and terminates 
on the sternocostal space of the heart. Note that this is a 
very rare situation. In Fig. 4.56, part lc the PDA is pre¬ 
sent as a small branch. There is a large posterolateral 
branch of the RCA running just parallel to the posterior 
groove. The RCA terminates on the diaphragmal surface 
of the left ventricle, giving off many small branches. In 
Fig. 4.56, part Id, the PDA and the posterolateral branch 
are present as large terminal arteries of the RCA. 

In the typical case, the PDA occupies the superior 
two-thirds of the posterior interventricular groove and 
the LAD supplies the inferior third (Fig. 4.56, part 2a). 

In Fig. 4.56, part 2b, the PDA may branch off at the level 
of the acute margin and run in the coronary groove par¬ 
allel to the RCA and toward the crux. On reaching the 
crux, the PDA turns into the posterior groove (see also 
Fig. 4.55). 

The retroventricular variations are depicted in Fig. 
4.56, part 3. The PDA is found just proximal to the crux. 
The artery may arise at the midpoint of the coronary 
sulcus (Fig. 4.56, part 3a) or, as presented on the remain¬ 
ing two cases (Fig. 4.56, part 3b and c) the PDA may 
branch off at the level of the acute margin. From the 
acute margin, the artery may pass directly onto the pos¬ 
terior surface of the right ventricle to the posterior inter¬ 
ventricular groove, or run first along the acute margin 
and then medially into the interventricular groove. 

In the circummarginal type (Fig. 4.56, part 4), the ves¬ 
sel that supplies the posterior surface of the right ven¬ 
tricle and posterior fourth sulcus branches off from the 
proximal part of the RCA. In Fig. 4.56, part 4d, the 
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artery originates from the proximal 
part of the RCA and runs obliquely 
toward the acute margin. On reach¬ 
ing the diaphragmal surface of the 
right ventricle, the artery branches 
off into two arteries to supply the 
interventricular septum. In Fig. 

4.56, part 4e, the RCA terminates as 
the PDA. However, this branch ter¬ 
minates in the superior third of the 
posterior interventricular groove. 

The remainder of the posterior 
groove is supplied by a branch that 
also originates from the proximal 
part of the RCA. In this case the 
RCA actually has two PDAs. 

A superior posterior view of the 
aortic and pulmonary roots of a 
dry-dissected specimen is shown in 
Fig. 4.57. Just after its origin, the 
RCA enters the right coronary 
fossa, a space that is bordered by 
the right coronary sinus, the ante¬ 
rior wall of the right atrium, and 
the pulmonary trunk, and is covered by the right auri¬ 
cle. The conus artery branches from the initial part of 
the RCA and runs toward the anterior wall of the pul¬ 
monary infundibulum. Here, the artery runs along the 
anterior surface of the infundibulum, and in some cases 
anastomoses with the left anterior conus branch (Fig. 

4.57; see also schematic drawing in Fig. 4.58). The con¬ 
nection between the left and right conus branches is not 
only present on the anterior wall of the pulmonary 
trunk, but in some rare cases the left and the right 
conus branches also divide into the anterior and poste¬ 
rior branches and may create an anastomotic ring that 
encircles the pulmonary trunk from the posterior 
(Fig. 4.57) and anterior surfaces (Fig. 4.59). The situation 
is also explained in the schematic drawing in Fig. 4.58, 
and on dry-dissected specimens in Figs. 4.57 and 4.59, 
where the left conus branch divides into anterior and 
posterior divisions. The posterior branch runs in the 
space between the pulmonary and aortic roots. In this 
case, the left and right conus branches complete an 
anastomosis ring around the pulmonary root, also F «g* 4 * 58 * Anastomotic ring surrounding the pulmonary 

Vieussens ring. It has been reported in the literature & 

that the incidence of this phenomenon may be as high 
as 48%. 


Diagonal Anterior Left conus Right conus Preventricular 

branch (D1) descending artery branch branch branch 


Circumflex artery Left atrial branch Left atrium Superior vena cava 

Fig. 4.57. Anastomotic ring of the conal arteries surrounding the pulmonary trunk 
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Right coronary artery Right atrial branch 


Right conus branch 


Preventricular branch 


Anterior descending artery Left conus branch 


The anatomy of preventricular 
branch of the RCA is discussed in 
the following (Fig. 4.59). The 
branch runs to the anterior wall of 
the infundibulum and in some 
cases may supply the superior two- 
thirds of the anterior wall of the 
right ventricle. From the position 
of the artery it is clear that the 
branch may be divided by perform¬ 
ing a right ventriculotomy 
(Fig. 4.59). 


Fig. 4.59. Right lateral view of the initial 
segments of the RCA 



Fig. 4.60. Variants of the single LCA 


The variants of the single LCA and RCA will now be dis¬ 
cussed. 

The first anomalous single coronary artery was de¬ 
scribed by Bochdalek. This anomalous artery arose 
from the right coronary sinus. The single LCA will be 
discussed first, the variants of which are depicted in 
Fig. 4.60, in which the hearts are seen from the superior 
view. The single LCA, which was first described by Ro¬ 
berts et al. (Fig. 4.60a), arises from the left sinus and di¬ 
vides into the Cx, LAD, and a branch that is analogous 
to the RCA. The right coronary branch arises from the 
LAD and runs over the infundibulum in order to reach 
the right coronary groove. As shown in Fig. 4.60b, the 
blood supply of the heart is characterized by a domi¬ 
nant LCA. As in the normal case, the LMB divides into 
the Cx and LAD. The Cx runs over the entire length of 
the coronary groove, terminating at the right coronary 
fossa. The PDA is a branch of the Cx. In the case pre¬ 
sented in Fig. 4.60c, the RCA arises from the LAD. The 
right coronary branch runs over the sternocostal sur¬ 
face of the heart. After the coronary sinus is reached, 
the artery divides into two branches, one of which runs 
toward the right coronary sinus and supplies the poste¬ 
rior wall of the infundibulum, the other running poste¬ 
riorly in the coronary sinus toward the posterior inter¬ 
ventricular sulcus. 
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Variants of the single RCA are presented in Fig. 4.61. 
This artery presents a much greater variety of anoma¬ 
lous courses compared to the single LCA. Note that in 
each case the RCA arises from the right coronary sinus. 
Figure 4.61a shows the LCA originating from the initial 
part of the RCA and then running in front of the pulmo¬ 
nary root. On reaching the anterior interventricular sul¬ 
cus, the LCA divides into the Cx and LAD. Figure 4.61b 
shows the LCA running between the pulmonary and 
aortic roots. On reaching the anterior interventricular 
sulcus, the artery divides into the Cx and LAD, which 
actually subsequently follow the normal course as de¬ 
scribed earlier. In addition, after branching from the 
RCA, the LCA may reach the anterior surface of the 
heart by running through the superior part of the inter¬ 
ventricular septum. Figure 4.61c shows the retroaortic 
course of the LCA between the aorta and the anterior 
wall of the left atrium. On reaching the coronary sulcus, 
the artery branches off into the Cx and the LAD. Both 
branches then run in the normal way to the anterior 
and posterior surfaces of the heart. Figure 4.61 d shows 
the LAD and the Cx branching separately from the RCA. 
The Cx runs behind the aorta, and on reaching the cor¬ 
onary sulcus it runs toward the posterior surface of the 
heart. However, before providing the blood supply of 
the superior part of the interventricular sulcus, the 
artery gives off a small branch. The LAD runs in front 
of the pulmonary trunk to reach the anterior interven¬ 
tricular sulcus. Figure 4.61 e shows the LAD passing in a 
preventricular course. The Cx is replaced by an 
extremely dominant RCA, which courses behind the tri¬ 
cuspid valve and the left ventricular ostium. 

4.1.5 Dominance of the Coronary Blood Supply 

The relationships between the coronary arteries and the 
crux are critical in consideration of the dominance of 
the coronary blood supply. If the PDA branches off from 
the LCA (Fig. 4.62), the coronary blood supply is termed 
“left dominant.” In this case, the entire left ventricular 
musculature is supplied by the LCA. Furthermore, the 
interventricular septum is also entirely supplied by the 
LCA. On the presented specimen, the LCA terminates as 
the PDA; however, in some cases the LCA runs over the 
crux and supplies the posterior wall of the right ventri¬ 
cle with posterior descending branches. In this case the 
term “superdominant left blood supply” may be ap¬ 
plied. On the presented specimen (Fig. 4.62), the PDA 
penetrates the myocardial musculature and terminates 
at the inferior third of the posterior interventricular sul¬ 
cus. Note the presence of the very large posterolateral 


Fig. 4.61. Variants of the single RCA 


Fig. 4.62. Left-dominant coronary artery blood supply 
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branch supplying the diaphragmal surface of the left 
ventricle. The obtuse marginal artery has a very large 
diameter, and as such also reaches the apex area. 

When the RCA gives off the PDA but no branches to 
the left ventricle, the blood supply can be termed “inter¬ 
mediate” or “balanced,” as seen in Fig. 4 .63. In this spec¬ 
imen, the arteries have been filled with red gelatin and 
the veins of the heart with the blue gelatin. The RCA 
provides the PDA, which also gives off small branches to 
the left ventricle, and in this way also supplies a small 
part of the left ventricle that adjoins the posterior 
groove. Note that the PDA runs behind the middle car¬ 
diac vein. The rest of the left ventricle is supplied by the 
left posterolateral branches. However, in some cases (as 
noted in our dissection series) no artery was observed 
in the posterior interventricular sulcus. In term of this 
morphological situation, the blood supply of the heart 
is also defined as being intermediate (see also Fig. 4.55). 


Fig. 4 .63. Intermediate coronary artery blood supply 


The term “right dominance” is applied to the RCA that 
gives off the PDA and supplies any portion of the left 
ventricle (Fig. 4.64). There are many variations in the 
size and shape of the left ventricular supply area, and 
we will not discuss this further. On the presented speci¬ 
men, one can see that the majority of the left ventricle is 
supplied by the right posterolateral branches. The arter¬ 
ies run toward the obtuse margin. Large marginal 
branch from the LCA reaches the apex, and in the later 
on supplies the surrounding part of the left ventricle. 


Fig. 4.64. Right-dominant coronary artery blood supply 
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4.1.6 Coronary Veins 


Great cardiac vein 


4.1.6.1 Anatomy of the Coronary Veins 

The cardiac veins maybe divided into three groups. The 
largest system, which collects a major amount of venous 
blood from the left ventricle and ends with the coronary 
sinus, opens into the right atrium. The second system of 
cardiac veins gathers venous blood from the right two- 
thirds of the right ventricle and ends in the right 
atrium. The third is the system of the Thebessian veins, 
and comprises small veins that drain different portions 
of the right atrium and ventricle and empty directly and 
individually into these chambers. The internal openings, 
the foramina venarum minimarum, 
are best seen at the atrial septal 
wall. 

The anterior view of a dry-dis¬ 
sected specimen seen in Fig. 4.65 
presents the course of the great car¬ 
diac vein. The vein emerges from 
the inferior third of the anterior 
interventricular sulcus and runs 
toward the left coronary fossa. Note 
that a large branch from the ante¬ 
rolateral surface of the left ventricle 
provides venous drainage. This is 
the so-called anterolateral vein, 
which opens into the great cardiac 
vein. On reaching the lateral wall of 
the pulmonary trunk, the great car¬ 
diac vein turns to the left and en¬ 
ters the left lateral extremity of the 
coronary sulcus. This is presented 
in Fig. 4.66, wherein the specimen 
is inspected from the left lateral 
view; note that the left auricle cov¬ 
ers the vein. Running beyond the 
left auricle, the vein reaches the 
margin of the left ventricle, and 
just beyond the obtuse margin the 
great cardiac vein opens into the 
coronary sinus. This transition is 
seen in the dry-dissected specimen 
in Fig. 4.66 and on the correspond¬ 
ing schematic drawing in Fig. 4.67. 


Fig. 4.65. The great cardiac 
vein 


Great cardiac vein 


Left marginal vein 



Fig. 4.66. Left marginal veins 
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Great cardiac vein 


Note that the transition between the coronary sinus and 
the great cardiac vein is marked by two morphological 
structures: the valve of Thebesius and the oblique vein of 
the left atrium called also the Thebesius vein. The oblique 
vein of the left atrium is seen in Fig. 4 .67 and the corre¬ 
sponding dry-dissected specimen in Fig. 4.68. The vein 
runs along the anterior surface of the left atrium toward 
the coronary sinus. The left appendage has been retracted 
to facilitate exposure of the vein in Fig. 4.68. This small 
vein is present in 95% of cases and has a diameter of up to 
1 mm. It passes between the left appendage and the left 
inferior pulmonary vein toward the roof of the left atri¬ 
um. Arrow indicates the thebesius vein. Dashed line is po¬ 
sitioned between coronary sinus and great cardiac view 
(Figs. 4.67 and 4.68). Embryologically, the vein develops 
from the left superior cardinal vein, and in some cases 
persists in adults as the left superior vena cava. The latter 
is commonly associated with congenital defects such as 
tetralogy of Fallot (with an incidence of 20%) and Eisen- 
menger’s syndrome (with an incidence of 8.3%), and is 
frequently an isolated malformation that receives the he- 
mi-azygos vein. 

< 

Fig. 4.67. Presentation of the heart venous system, schematic 
drawing 


In the dry-dissected hearts shown in Figs. 4.66 and 4.68, 
the relatively large marginal vein is seen; this vessel 
collects the venous drainage from the lateral left ven¬ 
tricular wall, running at the obtuse margin and finally 
opening into the coronary sinus. 


<1 

Fig. 4.68. Left lateral view of the transition between the great cardiac 
vein and the coronary sinus 


Coronary sinus 


Left marginal vein 
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In the specimen shown in Fig. 4.69, the great cardiac 
vein in the left coronary fossa is seen from the left supe¬ 
rior view. The left atrial appendage has been retracted 
to expose the left coronary fossa and the LCA has been 
removed. The same situation is presented in the sche¬ 
matic drawing in Fig. 4.70. Note that after passing the 
lateral wall of the pulmonary root, the great cardiac vein 
runs straight toward the left coronary fossa. On reach¬ 
ing the anterior wall of the left atrium, the great cardiac 
vein turns at a right angle and runs further into the cor¬ 
onary sinus in front of the anterior atrial wall, close to 
the mitral wall. To left of the left atrium, a string-like 
branch opens into the great cardiac vein, collecting the 
venous drainage from the area of the coronary fossa 
(Figs. 4.69 and 4.70). Note that this small venous branch 
wraps around the left coronary sinus, an area corre¬ 
sponding to the superior septal area. This branch of the 
great cardiac vein probably collects the venous drainage 
from the superior part of the interventricular septum. 

Dashed line indicates the border of great cardiac view 
and coronary sinus. 


Fig. 4.69. Transition between the great cardiac vein and the coronary 
sinus in the left coronary fossa 
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Fig. 4.70. Transition between the great cardiac vein and the coronary sinus, schematic drawing 


Left ventricle 
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The anatomy of the posterior cardiac vein will now be 
discussed. Figure 4.71 presents a posterior view of a dry- 
dissected specimen, and Fig. 4.72 presents a schematic 
left lateral inferior view of the heart. The posterior car¬ 
diac vein commences at the apex of the heart and as¬ 
cends along the posterior interventricular groove to¬ 
ward the coronary sinus. The vein opens directly into 
the coronary sinus (Fig. 4.71). Note the relationship be¬ 
tween the middle cardiac vein and the coronary sinus 
(Fig. 4.72). The posterolateral and the obtuse marginal 
veins both open into the coronary sinus. The posterolat¬ 
eral vein is placed at the diaphragmal surface of the 
heart. 


Fig. 4.71. Posterior cardiac vein, posterior view 
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Fig. 4 .72. Posterior cardiac vein, schematic drawing 
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A more detailed description of the 
left ventricular venous drainage 
may be discussed with the aid of 
the specimen shown in Fig. 4.73, in 
which the left ventricle is seen from 
the left lateral side. The marginal 
vein is presented as a greater 
branch running at the obtuse mar¬ 
gin, collecting the venous drainage 
from the anterior and diaphragmal 
surfaces of the heart. The small 
posterolateral veins collect the ve¬ 
nous blood from the diaphragmal 
surface of the left ventricle and are 
positioned between the marginal 
vein and the posterior cardiac vein. 

The heart is presented in situ, 
from the right lateral view, in Fig. 
4.74. The ascending aorta is found 
inferior to the pulmonary trunk, 
and the superior vena cava is be¬ 
hind the aorta. Before discussing 
the venous drainage of the right 
heart, we will present some notes 
regarding the in situ position of the 
RCA. The large RCA runs in the 
frontal plane, turning around the 
obtuse margin, having a close topo¬ 
graphical relationship with the 
right diaphragmal cupule (Fig. 
4.74). The venous blood drainage 
of the anterior right ventricular 
wall is carried out by the small an¬ 
terior veins, which are easy to see 
in Fig. 4.74, draining the right ven¬ 
tricular musculature. They run in 
the pericardial fat tissue and bridge 
the RCA from the superior side, 
opening directly into the right atri¬ 
um (Fig. 4.74). The large marginal 
vein has also been exposed in 
Fig. 4.74, running just parallel to 
the right marginal artery and over 
the right diaphragm. The right 
marginal vein collects the blood 
from the anterolateral wall of the 
right ventricle and also opens di¬ 
rectly into the right atrium. 
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Fig. 4.73. 
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Fig. 4.74. The anterior small cardiac veins 
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According to the literature, the right marginal vein is 
also connected to the small cardiac veins, as demon¬ 
strated on the schematic drawing in Fig. 4.75. However, 
we were unable to find this kind of connection in our 
series. 

The importance of the conus vein must be discussed 
relative to the conus artery (see Fig. 4.75). It has been 
postulated that these two vessels play an important role 
in the development of the arteriovenous collaterals. This 
is especially true in the case of occlusive vascular dis¬ 
eases. These veins may be misinterpreted as arterial 
branches in coronary angiograms of the arteriovenous 
anastomosis in such cases (Fig. 4.75). Furthermore, 
when properly developed this vein can communicate 
with the anterior large vein. The same can be postulated 
for the small cardiac veins, which can create the anasto¬ 
mosis between the coronary sinus and the venous 
drainage of the right heart (see Fig. 4.75). 


Fig. 4.75. Venous drainage of the right heart, schematic drawing 


A venous angiogram was made by injection of contrast 
material into the coronary sinus. The coronary sinus 
collects the entire venous drainage from the left ventri¬ 
cle via the great and middle cardiac veins (Fig. 4.76). In 
addition, the left marginal and posterolateral veins con¬ 
tribute to the left ventricular venous drainage. The 
small cardiac vein is present as a small vein that opens 
into the terminal part of the coronary sinus. Note the 
anatomy of the large marginal coronary vein. This ana¬ 
tomical situation may be of clinical importance. With 
the aid of retrograde cardioplegia, the injected fluid 
only provides protection to the left ventricular muscles. 
Thus, the veins of the right ventricle do not communi¬ 
cate with the coronary sinus, and so the cardioplegia 
can not reach the right half of the heart. This may be 
related to the variable venous anatomy of the heart; 
because the anterior region of the right ventricle is not 
drained by the coronary sinus, and it is not uncommon 
for the heart to have several coronary sinus anomalies, 
there may be a heterogeneous distribution of cardiople- 
gic solutions, thus limiting myocardial protection. As a 
consequence, a technique for simultaneously delivering 
cardioplegia both antegradely and retrogradely has 
been developed. 


Fig. 4.76. Angiogram of the heart veins 
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4.1.6.2 Relationship Between the 
Coronary Veins and the 
Coronary Arteries 

An anterior view of the dry-dissect¬ 
ed heart, demonstrating the rela¬ 
tionship between the coronary veins 
and arteries, is seen in Fig. 4.77, in 
which the venous and arterial ves¬ 
sels have been filled with blue and 
red gelatin, respectively, in order to 
demonstrate more clearly the two 
vessel systems of the heart. Com¬ 
mencing from the apex, the anterior 
great vein runs on the left side of 
the LAD toward the left coronary 
fossa. It should be noted that the 
small venous branches providing 
the drainage of the right and left 
ventricles may cross the LAD anteri¬ 
orly before joining the great vein. 
This may have some clinical conse¬ 
quences; namely, during surgical ex¬ 
posure of the LAD, the small 
branches may be a source of annoy¬ 
ing bleeding. However, it has been 
postulated that in most cases the 
great cardiac vein runs on the right 
side of the artery, or in some cases 
there may even be two venous 
branches commencing from the left 
and right sides of the LAD. In other 
cases, the course of the anterior 
great cardiac vein lies over the LAD, 
as seen in Fig. 4.78. This morpholog¬ 
ical situation may be annoying dur¬ 
ing exposure of the artery. This is 
especially true when the epicardium 
is covered by a large amount of fat 
tissue, in which case the surgeon 
may mistake the vein for the artery 
and bypass the conduit graft to the 
vein. However, such a misinterpre¬ 
tation may also be the result of the 
intramural position of the LAD, as 
presented on the in situ dry-dissect¬ 
ed specimen in Fig. 4.78, wherein 
the proximal part of the LAD is cov¬ 
ered by the musculature of the left 
ventricle. The great cardiac vein as¬ 
cends alone in the interventricular 
groove (Fig. 4.78). 
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Fig. 4.77. Great cardiac 
vein and LAD I 
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Fig. 4.78. Great cardiac 
vein and LAD II 
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Superior vena cava 



Fig. 4.79. Relationship between the great cardiac vein and the cir¬ 
cumflex artery in the left coronary fossa, schematic drawing 






A superior left lateral view of the heart demonstrating 
the relationship between the great cardiac vein and the 
LMB in the left coronary fossa is presented in Fig. 4.79. 
The great cardiac vein runs on the left side of the retro- 
pulmonary part of the LAD; on reaching the termination 
of the anterior sulcus, the vein turns to the left toward 
the coronary sulcus. In most cases, the vein crosses the 
Cx superiorly in the left coronary fossa. This situation is 
seen in Figs. 4.79 and 4.80. Note that at the initial part of 
the coronary sinus, the vein has a very close relationship 
with both the left atrium and the mitral valve. Here, the 
Cx is positioned under the great cardiac vein, on edge of 
the left ventricular ostium (Figs. 4.79 and 4.80). In this 
morphological situation, the artery cannot be identified 
at this level. However, on reaching the area of the obtuse 
margin, the vein runs smoothly from the level of the 
ventricular wall to the wall of the left atrium. As a conse¬ 
quence, the Cx becomes superficial and may be easily 
identified just inferior to the coronary sinus. This ana¬ 
tomical situation is seen in Fig. 4.80. 

Note that the aforementioned anatomical relation¬ 
ships may be particularly important clinically; the great 
vein reaches the ostium of the left ventricle at the level 
of the left fibrous trigone, thus the vein is prone to 
injury during mitral or aortic valve surgery. In the pre¬ 
sented drawing, the vein runs just lateral to the LAD 
and superficial to the Cx. In some cases the vein may 
interdigitate with both the LAD and the Cx. Intraopera¬ 
tive identification of the loop formation in this area 
obviously discourages cardiac surgeons from perform¬ 
ing bypass surgery at the initial part of the LAD and Cx. 
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Fig. 4.80. Relationship between the great cardiac vein and the circumflex 
artery in the left coronary fossa 
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Figure 4.81 presents a schematic left 
lateral posterior view of the coro¬ 
nary sinus. Due to superior dislo¬ 
cation of the great cardiac veins, 
the coronary sinus finally runs su¬ 
perior to the attachment of the left 
atrium. The Cx is positioned just 
inferior to the sinus, in the coro¬ 
nary groove. The marginal and 
posterolateral veins run superior to 
the artery. This is only a graphical 
interpretation and the marginal 
and posterolateral veins are not al¬ 
ways so prominent. Furthermore, 
the veins on the posterior wall of 
the left ventricle are not ordinarily 
adjacent to the arteries and cannot 
be used as a guide for the identifi¬ 
cation of the latter. However, at the 
obtuse margin the marginal vein is 
always in contact with the artery. 

Figure 4.82 shows a posterior 
view of the coronary sinus in a dry- 
dissected specimen. The ostium of 
the coronary sinus is observed just 
to the right of the posterior inter¬ 
ventricular groove. This corre¬ 
sponds to the left margin of the su¬ 
perior posterior process of the left 
ventricle; a small valve (valve of 
Thebesius) is found at its opening. 
The position of the coronary sinus 
ostium also influences the course of 
the posterior coronary vein. Name¬ 
ly, a right-sided ostium results in a 
right-sided posterior cardiac vein, 
and vice versa, relative to the poste¬ 
rior interventricular sulcus. Ac¬ 
cording to our data, we found that 
in most cases the vein runs right or 
just superior to the posterior inter¬ 
ventricular groove. In its course 
over the posterior groove, the vein 
covers the posterior descending 
branch, as shown in Fig. 4.82. 
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Fig. 4.81 . Relationship between the great cardiac vein and the circumflex artery, 
posterior view 
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Fig. 4.82. Cardiac veins on the diaphragmatic surface of the heart 
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Fig. 4.83. Venous system of the heart, overview 


A summary of the main venous branches of the heart is 
given schematically in Fig. 4.83, in which the heart is 
inspected from a superior view; the left and right atria 
have been removed and the coronary sinus retracted. 
The small cardiac and posterior cardiac veins empty 
into the terminal part of the coronary sinus. The coro¬ 
nary sinus is the most constant feature of the cardiac 
veins, and on average measures 40 mm in length and 
10 mm in diameter. The posterior part of the left ven¬ 
tricular ostium is most clearly observed in the venous 
phase of the coronary angiogram. Vieussens’ valve is 
present in most cases, but is incompetent. The posterior 
vein of the left ventricle is positioned at the diaphrag- 
mal surface of the left ventricle and is present in 75% of 
cases. This vein empties into the coronary sinus in 95% 
of cases. The oblique vein of the left atrium terminates 
at the junction of the great cardiac vein and the coro¬ 
nary sinus. This vein is found posterior to the left auri¬ 
cle and anterior to the left inferior pulmonary vein. The 
left marginal vein is positioned at the obtuse margin 
and is often parallel to the left marginal branch. The 
great cardiac vein is positioned in the anterior interven¬ 
tricular groove. This part is also called the vertical part 
of the great cardiac vein. On reaching the left coronary 
fossa, the vein turns toward the coronary sulcus and 
takes off in a horizontal direction, passing the left auri¬ 
cle and then continuing into the coronary sinus. The 
anterior and posterior interventricular veins are posi¬ 
tioned at the interventricular grooves; at the apex, both 
are connected to the left marginal and left posterior cor¬ 
onary veins, and in some cases with the right marginal 


vein. Finally, the anterior venous drainage of the right 
heart comprises three to six veins that transport the 
venous blood of the anterior wall of the right ventricle. 
The anterior cardiac veins cross the coronary sulcus, 
and any of them may empty as separate vessels into the 
right atrium. The veins may empty into a common 
venous lake, which definitively opens into the anterior 
aspect of the right atrium. The conus vein is very im¬ 
portant and is one of the small cardiac veins, which 
open directly into the coronary sinus. 
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4.1.7 Coronary Angiograms 

Interpretation of the coronary angiogram is dependent 
on the state of the physician’s morphological knowledge 
and of the three-dimensional positioning of the most 
important heart landmarks. In this section we interpret 
the most commonly used radiographic views in coro¬ 
nary angiography. Parallel to the native coronary angio¬ 
gram, special three-dimensional drawings are pre¬ 
sented. Each drawing views the corresponding heart 
from the same perspective as that seen on the coronary 
angiogram. In addition, the topography of the counter¬ 
part coronary artery will be discussed. The relation¬ 
ships between the vessels and the positions of the mitral 
and tricuspid valves are also discussed. 


4.1.7.1 Left Coronary Artery 

Anteroposterior Projection 

An anteroposterior (AP) view of the LCA is presented 
on a coronary angiogram in Fig. 4.84; a corresponding 
schematic drawing is given in Fig. 4.85. This view is not 
commonly obtained because the spine sits in the middle 
of the cineangiographic picture. In this particular view, 
the LCA lies directly in front of the spinal column. The 
similarities in radiographic density between the spine 
and the contrast-filled coronary vessels interfere with 
the quality of the images. However, it is obtained occa¬ 
sionally when the location and severity of a stenosis 
cannot be clearly defined using conventional views. The 
AP view may be of particular value in evaluating the 
ostium of the main LCA and the shaft of the medial part 
of the LAD. 

The central or “neutral” position of the camera, 
known also as the AP view, is that in which time the 
camera “looks” straight down the patient’s chest and 



Left circumflex artery 






4.1 General Anatomy 211 


Fig. 4.85a, b. Anteroposterior projection of 
the LCA. a Relationship between the LCA 
and the RCA. b LCA 


Mitral valve 



Mitral valve 



heart. In other words, the X-ray camera is directly above 
the patient’s chest, with the beam coming straight up 
from the X-ray tube and perpendicular to the patient. 
The LMB and the ostium of the LCA are best seen in 
this view. Main branch stenoses in particular are in 
some cases detectable only in this projection; this is 
especially true for LMBs with a horizontal axis (see 
Fig. 4.84). The schematic drawing in Fig. 4.85 presents an 
AP projection of the heart, and will be used to discuss 
the topography of the LCA as compared to the other 
important landmarks of the heart. Note that the RCA is 
also depicted on Fig. 4.85a. In the AP projection, the 
LMB travels in a horizontal direction and is posterior to 
the pulmonary root, and later to the left and superior to 
the aortic root (Fig. 4.85). The LAD runs in its superior 
segment in a diagonal direction, to the left and inferior. 
In its distal segment, the artery is almost parallel to the 
vertebral column (Figs. 4.84 and 4.85). Note that the 
obtuse margin and the left marginal branch are lateral 
to the aorta and are positioned to the left relative to the 
LAD and the anterior interventricular groove (Figs. 4.84 
and 4.85). The marginal branch runs in the same direc¬ 
tion as the initial part of the LAD (Figs. 4.84 and 4.85). 
The initial part of the Cx is directed to the left and pos- 
teroinferiorly to the LAD; it is seen running straight 
down in this plane (Figs. 4.84 and 4.85). On reaching the 
obtuse margin, the posterior part of the Cx turns to the 
right and runs in a diagonal direction toward the poste¬ 
rior interventricular groove (Fig. 4.85). This segment of 
the Cx indicates the position of the posterior mitral 
valve annulus. The branches running to the posterior 


wall of the left ventricle are best seen here (Figs. 4.84 
and 4.85). The posterior descending artery, which 
indicates the position of the posterior interventricular 
groove, is to the right and inferior to the anterior inter¬ 
ventricular groove. Its course is parallel to the obtuse 
margin of the left ventricle, which means that the artery 
travels in the same direction as the OMB. Note that the 
tricuspid ostium is superior to the mitral valve. 

Straight LAO Projection 

In the LAO position, the camera of the X-ray tube is to 
the left of the patient. The “straight” LAO view of the 
LCA is limited by overlap and foreshortening of the 
proximal vessels, particularly the Cx system. However, 
a steep (50-60°) view may be of value in studying the 
middle and distal parts of the LAD and the diagonal 
arteries. To facilitate further investigation of the other 
vessels, the camera may also be pivoted toward or away 
from the patient’s head, a position that is described as 
cranial or caudal, respectively. 
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In the LAO projection 60-90° R, 0° caudal (see Fig. 4.86) 
the camera is 60-90° on the left side of the patient as 
compared to the midline position, with no rotation 
toward caudal (0° caudal). The corresponding schematic 
drawing is presented in Fig. 4.87. In this projection the 
LMB is hard to separate from the initial part of the LAD. 
This is because the straight axis of LAD is presented 
nearly as a straight extension of the LMB (Fig. 4.86). 
This situation is also seen very clearly on the schematic 
drawing (Fig. 4.87); note that on passing the pulmonary 
trunk, the artery changes its direction. On the angio¬ 
gram this is marked as a kinking in the arterial course 
(Fig. 4.86). The LMB is viewed clearly only when it is 
directed anteriorly. On reaching the interventricular 
sulcus, the LAD changes its direction, taking a diagonal 
and downward course (see Figs. 4.86 and 4.87). However, 
the entire length of the LAD is optimally visualized in 
this view relative to the PDA. Note that the diagonal 
branches of the LAD may run parallel with the first sep¬ 
tal artery. This may be confusing in this projection, 
especially if looking for the stenotic process in the diag¬ 
onal branches (Fig. 4.86). Note also that the LAD and the 
origin of the diagonal arteries overlap; however the 


trunk of the diagonal artery is nicely laid out (Fig. 4.86). 
In the presented case the Cx is directed posteriorly, its 
initial part emerging in this projection as an extension 
of the LMB (Fig. 4.86). The Cx runs posterior and down¬ 
ward, and terminates as the left posterolateral branch, 
which finally runs parallel to the posterior interventric¬ 
ular sulcus (Figs. 4.86 and 4.87). This is very clear in 
Fig. 4.87a, in which the RCA and the PDA are seen. The 
initial part of the ostium and the distal segment are 
seen end-on in this projection. Thus, the middle part of 
the Cx, running over the anterolateral, marginal, and 
posterolateral segments of the coronary artery, is posi¬ 
tioned in front, toward the camera, and thus the obtuse 
margin is viewed in its frontal profile (Figs. 4.86 and 
4.87). The course of the Cx also marks the level of the 
mitral valve, which in this projection is congruent with 
the opening of the tricuspid valve. Note that the left 
OMB runs parallel to the diagonal branch; however, the 
presented case is a poor example of an obtuse marginal 
artery. The artery usually runs along the border be¬ 
tween the sternocostal and diaphragmal surfaces of the 
left ventricle. In this case, the artery runs along the ster¬ 
nocostal surface of the left ventricle. In addition, the 
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origin of the OMB is projected onto 
the aortic root in the aforemen¬ 
tioned anatomical constellation, 
and it may be mistaken for a diago¬ 
nal branch (Figs. 4.86 and 4.87). 

The RCA often runs posterior 
and inferiorly, and as presented on 
the drawing, often overlaps with 
the posterior part of the Cx. The 
proximal segment and the initial 
part of the Cx is seen end-on in this 
projection. In this view, only the 
distal part of the RCA is seen 
clearly, namely the part that runs in 
the posterior interventricular sul¬ 
cus. However, these branches in 
some cases may be covered by the 
posterolateral arteries of the LCA. 
The part of the RCA that is posi¬ 
tioned on the diaphragmal surface 
of the right ventricle also appears 
end-on in this projection. The posi¬ 
tion of the tricuspid valve extends 
just medial to the central part of 
the RCA. 

RAO Projection 60° R, 15° Caudal 

In this projection, the camera of 
the X-ray tube is to the right of the 
patient. In the demonstrated angio¬ 
gram the camera is at 60° on the 
right side of the patient relative to 
the midline; furthermore, the arm 
of the camera is rotated by 15° in 
the caudal direction. This shallow 
projection is an excellent view that 
provides visualization of: the left 
main bifurcation, proximal LAD, 
proximal to mid Cx origin, and 
trunk of the OMB and left postero¬ 
lateral branch (Fig. 4.88). The cor¬ 
responding schematic drawing is 
presented in Fig. 4.89. 


Fig. 4.88. Right anterior oblique projection 
60 R, 15 caudal 




a 

Fig. 4.87a, b. Left anterior oblique projection (60-90° rostral, 0° caudal) of the LCA. a Relation¬ 
ship between the LCA and the RCA. b LCA 
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a Right ventricle Left ventricle b Right ventricle 

In this view, the pulmonary root is just superior and an¬ 
terior to the aortic root (Fig. 4.89). The LMB appears in 
two different projections. The initial part of the LMB is 
in the end-on position. The distal part appears in its lat¬ 
eral profile; consequently, the dysmorphy of the proximal 
part of the LMB may also be clearly observed. The LAD 
appears as a direct continuation of the main branch. 

The retropulmonary part runs nearby in the horizontal 
direction (Fig. 4.89). In contrast to this, the distal seg¬ 
ment of the LAD runs downward and to the left, in the 
direction of the apex (Figs. 4.88 and 4.89). Note that the 
LAD is exposed in its entirety. 

In this view, it seems that D1 originates from the ret¬ 
ropulmonary part of the LAD. This is simply a result of 
the overlapping, and thus the initial part of the diagonal 
branch appears nearly in the end-on position (Figs. 4.88 
and 4.89). Note that following the curvature of the ster¬ 
nocostal surface, the diagonal branches appear in a lat¬ 
eral view. 

The sternal surface of the left ventricle is positioned 
nearby in the horizontal position. As a consequence of 
this, the initial parts of the diagonal arteries appear in 
the end-on position. Furthermore, the LAD, and espe¬ 
cially its distal segment, appears in frontal view. 

The position of the diaphragmal surface is indicated 
by the marginal artery and the PDA, appearing here 
nearly in the frontal plane. Thus, the Cx runs directly 
from the LMB downward, almost in the frontal plane 
toward the posterior interventricular sulcus, and as 
such may be investigated throughout its whole length 
(see Fig. 4.88). In this view the morphology of the Cx 
and its branches may investigated without any restric¬ 
tions. The border between the sternocostal and diaph¬ 
ragmal surfaces is indicated by the large marginal ar¬ 


Fig. 4.89a, b. Right anterior oblique projec¬ 
tion (60° rostral, 15° caudal) of the LCA. 
a Relationship between the LCA and the 
RCA. b LCA 

Left ventricle 

tery, which runs diagonally toward the apex. The septal 
arteries run in the plane of the interventricular septum, 
toward the PDA. The superior border of the septum is 
marked by the LAD and inferiorly by the PDA. Note that 
the PDA is parallel and inferior to the LAD (see also the 
schematic drawing in Fig. 4.89, which shows a three- 
dimensional reproduction of this morphological situa¬ 
tion). 

Note that the courses of the Cx and RCA are superim¬ 
posed. Considering this morphological fact, one can 
conclude that the plane of the tricuspid valve and the 
plane of the ostium of the left ventricle are positioned 
nearly at the same level (Fig. 4.89). This view is essential 
in the recognition of the vessels and their origin on the 
lateral and diaphragmal surfaces. 

LAO Projection 30° L, 0° Caudal 

In this case, the X-ray tube is to the left of the patient. In 
the demonstrated angiogram the camera is at an angle 
of 30° and to the left of the patient relative to the mid¬ 
line; no further caudal or cranial displacement was per¬ 
formed (Fig. 4.90). The pulmonary root is to the left and 
in front of the aortic root ostium. The infundibulum 
covers the sternocostal surface of the left ventricle, as 
depicted on the schematic drawing in Fig. 4.91 . The left 
ventricle is superior and to the left as compared to the 
tricuspid valve. The latter is positioned inferior and to 
the right (Fig. 4.90). The LMB is seen in its entirety; 
however, the ostium and the initial segment of the LMB 
are seen in the end-on position in this projection. The 
main and the final parts of the LMB, down to the bifur¬ 
cation, appear in frontal view. Thus, stenosis of the 
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aforementioned parts may also be 
investigated in this view (Figs. 4.90 
and 4.91). Both proximal parts of 
the Cx and LAD are seen in the 
oblique projection. The retropul- 
monary part of the LAD runs ini¬ 
tially downward in an oblique 
direction. After passing the pulmo¬ 
nary trunk, the LAD is directed to 
the left and posteroinferiorly (Figs. 
4.90 and 4.91). Note that in this 
view we can effectively investigate 
the part of LAD distal to the pul¬ 
monary trunk, and of course the 
vessels that provide the blood sup¬ 
ply to the anterolateral part of the 
left ventricle (Figs. 4.90 and 4.91). 
The Cx runs in a diagonal direction 
inferiorly and to the right relative 
to the LAD, toward the obtuse mar¬ 
gin. On reaching this landmark of 
the left ventricle, the Cx appears 
end-on in this projection (Figs. 4.90 
and 4.91). Be aware that this ana¬ 
tomical situation results in an over¬ 
lap between the OMBs and the left 
marginal branch of the Cx. The ini¬ 
tial part of the RCA takes a similar 
course to the LAD branch, and thus 
the overlap between the two arte¬ 
rial segments is obvious. The mid¬ 
dle of the terminal segment of the 
RCA takes on a horizontal route 
toward the crux (Fig. 4.90). This 
part is inferior relative to the Cx. 
The ostium of the mitral valve is 
inferior to the pulmonary root; the 
anterolateral part of the ostium is 
indicated by the course of the Cx. 
The mitral valve is just posterior to 
the aortic root. 

RAO Projection 30° R, 15° Cranial 

Herein, the camera of the X-ray 
tube is also to the right of the pa¬ 
tient and angled at 30° relative to 
the 0° position, and is rotated cra- 
nially by 15°. The RAO view with a 
15-30° cranial angulation is an ex¬ 
cellent view that lays out the LMB, 
the distal LAD, and the distal 
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Fig. 4.90. Left anterior oblique projection 30 L, 0 caudal 
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Fig. 4.91a, b. Left anterior oblique projection (30° lateral, 0° caudal) of the LCA. a Relationship 
between the LCA and the RCA. b LCA 
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Fig. 4.92. Right anterior oblique projection 30 R, 15 cranial 
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part of the Cx, including those 
branches positioned on the diaph- 
ragmal surface of the left ventricle. 
It is possible to investigate in paral¬ 
lel the angiogram and the sche¬ 
matic drawing in Figs. 4.92 and 
4.93, respectively. 

In this projection, the LMB is 
seen in a lateral aspect, and thus 
the ostium of the LCA and the 
whole length of the LMB may be 
investigated. Note that the pulmo¬ 
nary trunk is positioned anterior to 
the LMB. The LAD runs in an ante¬ 
roinferior projection toward the 
left ventricular apex. The origin of 
the Cx may be seen to the right and 
more vertically relative to the LAD 
(Figs. 4.92 and 4.93). Note that D1 
of the LAD is overlapped by the 
OMB, and thus the initial part of 
the Cx appears in the oblique pro¬ 
jection. Consequently, the real 
length of this part can not be esti¬ 
mated. The part of the Cx posi¬ 
tioned proximal to the obtuse mar¬ 
gin courses inferiorly in a diagonal 
direction toward the crux. This 
part of the Cx and the posterolat¬ 
eral branches, which supply the 
diaphragmal surface of the left ven¬ 
tricle, are easily seen (Fig. 4.92). 

The RCA appears in its initial posi¬ 
tion in the end-on projection. 
Firstly, the part of the RCA in the 
coronary sinus that projects hori¬ 
zontally, crossing the acute margin, 
changes its direction and exhibits 
rather a right inferior projection. 
As noted previously, the pulmonary 
root is anterior and to the left of 
the left coronary ostium. The mi¬ 
tral valve can be found just inferior 
to the aortic root; the tricuspid 
valve may be identified to the right 
and at the same level as the mitral 
valve (Fig. 4.93). 


Fig. 4.93a, b. Right anterior oblique projection (30° rostral, 15° caudal) of the LCA. a Relation¬ 
ship between the LCA and the RCA. b LCA 
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Fig. 4.94. Left anterior oblique Left circumflex branch Posterolateral branch 

projection 60 L, 45 caudal 


LAO Projection 60° L, 45° Caudal 

In the demonstrated angiogram 
and corresponding schematic 
drawings (Figs. 4.94 and 4.95, re¬ 
spectively) the camera is angled at 
60° and the left side of the patient 
relative to the midline, and the arm 
of the camera is rotated cranially 
by 45°. The LMB is seen from the 
superior view, also known as the 
“spider” or “weeping willow” pro¬ 
jection because it lays out the LMB 
in a divergent manner. The LMB 
and LAD coronary arteries are 
foreshortened, but the ostium of 
the LMB and the bifurcation, in¬ 
cluding the LAD and Cx, are clear. 
The anatomy revealed in this pro¬ 
jection suggests strongly that we 
should investigate in the first in¬ 
stance the anomalies of the LMB. 
After a short course, the LMB di¬ 
vides into the Cx and LAD. The Cx 
is on the right side and the LAD is 
on the left. The Cx encircles the mi¬ 
tral valve and is seen in the oblique 
projection (Fig. 4.95). Note that the 
vertical axis of the mitral valve is 
also seen in the oblique projection. 
However, the mitral valve is to the 
left and posterior to the aortic root. 
The LAD runs obliquely anteroinfe- 
riorly to the left side. The retropul- 
monary segment indicates the posi¬ 
tion of the pulmonary root (Figs. 
4.94 and 4.95). The latter is to the 
left and inferior relative to the aor¬ 
tic root (Fig. 4.95). After a short 
course, the LAD gives off a large di¬ 
agonal branch. Note that in this 
projection the initial part of the 
RCA overlaps with the course of 
the Cx (Fig. 4.95). This part of the 
RCA runs inferiorly to the right, 
parallel to the Cx. On reaching the 
acute margin, the artery becomes 
positioned in the horizontal direc¬ 
tion. The tricuspid valve is to the 
right and inferior to the aortic root. 


Tricuspid valve 
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Fig. 4.95a, b. Left anterior oblique projection (60° lateral 45° caudal) of the LCA. a Relation¬ 
ship between the LCA and the RCA. b LCA 
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Fig. 4.96. Right anterior oblique projection Right posterior descending artery 
30 R, of the right coronary artery 
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Fig. 4.97a, b. Right anterior oblique projection (30° rostral) of the RCA. a Relationship 
between the RCA and the LCA. b RCA 


4.1.7.2 Right Coronary Artery 

RAO Projection 30° R 

In this case the X-ray tube is to 
the right of the patient, thus the 
camera “looks” at the RCA from 
the right and above. In the demon¬ 
strated angiogram, the camera is 
angled at 30° on the right side of 
the patient relative to the midline. 
The initial part of the RCA is pro¬ 
jected in the end-on position 
(Figs. 4.96 and Fig. 4.97), and thus 
pathological conditions of the osti¬ 
um or the initial part of the RCA 
may be not diagnosed in this pro¬ 
jection. This is true for the part 
positioned just posterior to the 
infundibulum. For a better under¬ 
standing, see the schematic draw¬ 
ing on Fig. 4.97. The RAO view is 
useful for visualizing the middle 
and posterior parts of the RCA, the 
acute marginal branch, and the PDA. 
Note that the conus branch, 
branching from the initial part of 
the RCA, runs superior and anteri¬ 
or, over the pulmonary infundibu¬ 
lum (Figs. 4.96 and 4.97). On reach¬ 
ing the coronary sinus, the course 
of the RCA becomes laterally pro¬ 
jecting, with a nearly vertical 
course. Consequently, the anterior 
and posterior segments of the RCA 
are brought well into view. How¬ 
ever, at the point at which it enters 
the diaphragmal part of the coro¬ 
nary sinus, the posterior part of the 
RCA is again seen in its frontal pro¬ 
jection. As demonstrated on the 
schematic drawing in Fig. 4.97a, the 
anterior and the posterior parts of 
the RCA are correlated with the 
course of the Cx. Note that the PDA 
runs inferiorly toward the apex. 
This artery can also be investigated 
in this projection. However, in this 
projection the ostium of the PDA 
and any malformations in this area 
cannot be estimated. Note that the 
course the RCA indicates the posi¬ 
tion of the tricuspid valve, which 
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actually overlaps with the projec¬ 
tion of the mitral valve (Fig. 4.97). 

LAO Projection 60° R 

In this case the camera “looks” at 
the RCA from the left and above. In 
the demonstrated angiogram (Fig. 
4.98), the camera is angled at 60° to 
the right of the patient relative to 
the midline. The left anterior ob¬ 
lique view is useful for visualizing 
the ostium and proximal portion of 
the RCA (Figs. 4.98 and 4.99). The 
PDA and posterolateral branches 
are foreshortened, and their origin 
and that of the acute marginal 
branch may be obscured by over¬ 
lap. The initial part of the RCA 
positioned behind the infundibu¬ 
lum is exposed in its entire length. 
Note that in this projection this 
segment is rather on the right and 
anterior to the aorta (Fig. 4.99). The 
mitral and the tricuspid leaflets are 
positioned in the same plane. The 
inferior two-thirds of the PDA and 
the LAD, in particular, overlap with 
each other. Furthermore, in this 
projection the morphology of the 
crux is essential for investigation of 
the course of the atrioventricular 
node artery and the origin of the 
PDA (Figs. 4.98 and 4.99). 


Marginal branch Conus branch 



A 

Right posterior descending artery 

Fig. 4.98. Left anterior oblique projection 60 L of the right coronary artery 

Aorta Aorta 




Fig. 4.99a, b. Left anterior oblique projection (60° lateral) of the RCA. a Relationship between 
the RCA and the LCA. b RCA 
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Surgical Anatomy of the Coronary Arteries 


4.2 

4.2.1 Median Sternotomy for Exposure of the 
Coronary Arteries 

A median sternotomy is performed following the tech¬ 
nique described in Chap. 2, exposing the anterior layer 
of the pericardium. Initially the prepericardial fat tissue, 
which is an embryological remnant of the thymus, must 
be dissected down to the fibrous layer of the pericardi¬ 
um. The thymus vein, which is almost always found in 
this tissue, drains into the left brachiocephalic vein. 

This small vein is a good indicator of the border be¬ 
tween the left and right thymus lobes. We suggest liga¬ 
tion of the small vein so that the prepericardial fat tis¬ 
sue can be pushed aside and the anterior layer of the 
pericardium may be reached without any annoying 
bleeding. The exposed anterior layer of the pericardium 
is presented in Fig. 4.100. In the standard approach peri¬ 
cardium is exposed up from the brachiocephalic vein 
down to the diaphragm. In the presented situation 
(Fig. 4.100), the whole anterior sheet of the pericardium 
is exposed to allow a more descriptive view. Note the 
position of the left brachiocephalic vein. 

The pericardial incision should be initiated at the in¬ 
ferior part of the pericardium, approximately two 
finger-breadths over the diaphragm. Using electrocaute¬ 
rization, the incision is extended cranially toward the 


left brachiocephalic vein (see Fig. 4.101). The surgeon 
must be aware that by reaching the base of the heart, 
the incision must continue over the groove positioned 
between the aorta and the pulmonary root. At this 
stage, two very important structures of the heart are 
vulnerable to damage. In the case of an ascending aor¬ 
ta aneurysm, the aorta may be incised as a result of ex¬ 
treme anterior bulging or due to extensive adhesions 
to the pericardium. On the other hand, the right auri¬ 
cle in some cases reaches over the sternocostal surface 
and may even cover the pulmonary root. The last case 
is especially true in the case of tricuspid insufficiency, 
where extensive dilatation of the right atrium may be 
present. 

The pericardial incision terminates at the level of the 
aortic arch, just inferior to the origin of the brachioce¬ 
phalic artery. Following termination of the vertical peri¬ 
cardial incision, two horizontal extensions at the inferi¬ 
or level of the vertical incision just over the diaphragm 
must be performed. The right-side incision is extended 
in a diagonal manner to the right, toward the inferior 
vena cava, and the left-side incision is extended left to¬ 
ward the apex of the heart (Fig. 4.101). 



Fig. 4.100. Exposure of the pericardium 
(the dashed line indicates the pericardial 
incision) 
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In the following step, the edges of 
the pericardium are fasten to the 
sternum spreader, exposing the 
sternocostal surface of the heart 
(Fig. 4.102). Note that after the peri¬ 
cardium is opened, the pericardial 
cavity should be inspected for fi¬ 
brous strings, potential adhesions, 
or extensive fluid accumulation, 
which may point to different patho¬ 
logical processes in the pericardial 
cavity. Normally, about 15 ml of 
serous pericardial fluid may be 
found at the apex. 

The sternocostal surface of the 
heart comes into view in this expo¬ 
sure (Fig. 4.102). At the base, the 
heart from the right the right auri¬ 
cle covers the right aspect of the 
aortic root. To the left and superior 
of the ascending aorta, the pulmo¬ 
nary root may be found. The supe¬ 
rior vena cava is just behind and 
lateral to the ascending aorta. Note 


Pulmonary trunk Left ventricle 



Aorta Right atrium Right ventricle 


Fig. 4.102. Sternocostal surface of the heart 
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that in reality the majority of the aortic root is just be¬ 
hind the posterior wall of the infundibulum. At the ven¬ 
tricular part of the heart, almost the whole sternocostal 
aspect is represented by the right ventricle; the left ven¬ 
tricle is seen only in the area near to the apex. 

In this superior view, the anterior segment of the 
LAD and the anterior part of the RCA may be identified. 
The anterior part of the RCA appears in the right part of 
the coronary sulcus just inferior to the right atrium. 
Note that the direction of the RCA identified in the ini¬ 
tial part of the coronary sulk also indicates the course of 
the RCA in the right coronary fossa. It is not always very 
easy to identify the artery, as the extensive collection of 
epicardial fat tissue in the coronary sulk may cover its 
course. In the majority of cases, a large branch of the 
RCA may be found among the right acute margine. The 
artery runs along the right margin just parallel to the 
diaphragm, toward the apex. On passing the acute mar¬ 
gin, the RCA enters the posterior part of the coronary 
sulcus. Note that the ostium and the initial part of the 
RCA may be found by lifting up the right auricle and 
retracting the infundibulum. 

Because of the physiological left rotation of the whole 
heart in this aspect, only the middle and distal segments 
of the LAD can be seen (Fig. 4.102; only the part of the 


LAD near to the apex is visible here). However, by lift¬ 
ing the left heart, half of the entire course of the LAD 
and the proximal part of the Cx may be seen. This 
maneuver may be achieved by placing a coiled operat¬ 
ing cloth into the left pericardial hemicavity. 

The LAD runs just over the anterior interventricular 
groove on the left side of the anterior cardiac vein. In 
cases where there is an extensive epicardial fat collec¬ 
tion, the position of the artery may be difficult to iden¬ 
tify. A smooth groove in the fat tissue just over the 
artery may indicate its position. However, it should be 
pointed out that this groove is not an absolute land¬ 
mark; finding the artery may be particularly difficult 
when it is in the intramural position. Furthermore, the 
surgeon must be aware that the concomitant vein in 
some cases runs just over the artery, mimicking the 
course of the LAD. In addition, if the intramural course 
of the artery is present, the anterior cardiac vein may be 
bypassed as a target artery. 

The heart is then rotated to the left side, exposing the 
posterior part of the RCA (including the PDA), as 
shown in Figs. 4.103 and 4.104. This may be achieved by 
placing pure string sutures or with the aid of special so- 
called suction devices. The diaphragmal surface of the 
right ventricle and the posterior interventricular sulcus 


Right ventricle 


Right coronary artery 


Median cardiac vein 


Right atrium Inferior vena cava Left ventricle 



Posterior descending artery 


Fig. 4.103. Exposure of right coronary artery and crux cordis 
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Inferior vena cava 


Fig. 4.104. Exposure of the RCA and the posterolateral descending artery, right lateral view 
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are thus explored. In addition, the part of the left ventri¬ 
cle just near to the posterior interventricular sulcus is 
also visible Fig. 4.104. The vessels of the aforementioned 
surface are thus excellently brought into view as target 
vessels; this exposition of the heart is in most cases 
appropriate for revascularization of the proximal part of 
the RCA, the right marginal artery, and the PDA. 

The right marginal branch runs along the acute mar¬ 
gin of the right ventricle, toward the apex of the left 
ventricle. In most cases the artery runs alone and with¬ 
out the concomitant vein (Fig. 4.104), and is easy to ver¬ 
ify. The part of the RCA, which is positioned in the 
diaphragmal part of the coronary sinus, is identified by 
searching the border between the epicardial fat tissue 
and the inferior border of the right atrium. The RCA is 
identified as an artery with a large diameter that runs in 
the epicardial fat tissue underneath the edge of the right 
atrium. In most cases, the artery may be traced down to 
the crux, where it turns into the posterior descending 
sulcus. Bear in mind the different variations of PDA ori¬ 
gin from the RCA, as described earlier (see Sect. 4.1.4). 


In the case when the PDA branches off proximal to the 
crux, the artery is not always to be found in the poste¬ 
rior descending sulcus. In some cases, the PDA runs to 
the left or to the right of the posterior sulcus. As men¬ 
tioned previously, the middle cardiac vein is found just 
lateral to the PDA, and in most cases on the left side and 
superficial to it. Note that the inferior vena cava is 
found entering the right atrium just anterior and infe¬ 
rior to the diaphragmal surface of the heart (Figs. 4.103 
and 4.104). 

In order to expose completely all vessels on the 
diaphragmal surface of the left and right ventricles, the 
apex must be lifted from the pericardium caudally and 
to the right. This maneuver may be completed without 
problem by using an apical suction device. Further¬ 
more, the Trendelenburg position and/or positioning 
the surgical towel just deep to the oblique pericardial 
sinus facilitates elevation of the apex out of the chest. 
The exposure of the diaphragmal surface of the heart is 
presented on Figs. 4.105-4.107, and schematically in 
Fig. 4.108. 
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Median cardiac vein 


Left marginal vein 


Posterior descending artery 


Left posterolateral branch II 
Right ventricle Posterolateral vein 

Fig. 4.105. Diaphragmal surface of the heart, right lateral view 


Left posterolateral branch I 


Right marginal artery Right marginal vein Right ventricle 
Fig. 4.106. Diaphragmal surface of the heart, right superior view 


In this way, the whole diaphragmal 
part of the left and of the right ven¬ 
tricle may be exposed. Note that 
the left two-thirds of the diaphrag¬ 
mal surface are composed of the 
left ventricle and the right remain¬ 
ing one-third is represented by the 
right ventricle. The PDA marks the 
border between the left and right 
ventricles. The middle cardiac vein 
in most cases runs along the left 
ventricular wall, as seen in Figs. 
4.105 and 4.107. If the apex of the 
heart is rotated to the right side, 
the diaphragmal surface of the left 
ventricle is exposed in the majority 
of cases (Figs. 4.106 and 4.107), 
revealing the posterolateral 
branches. Note that the posterolat¬ 
eral vein does not run parallel to 
any of the presented vessels; rather, 
it is an independent vein running 
in the middle of the left ventricular 
musculature. The obtuse marginal 
artery may also be seen just lateral 
to the obtuse margin (Figs. 4.106 
and 4.107). 

Note that by exposing the left lat¬ 
eral surface of the left ventricle, the 
first and second posterolateral 
branches may also be seen. How¬ 
ever, this exposure is superior for 
dissection and for bypassing of the 
left OMB. This artery may be mis¬ 
taken for the marginal branch. A 
very important landmark in this 
instance is the presence of the mar¬ 
ginal vein, which, if existing, runs 
parallel to the marginal artery (Fig. 
4.106). The turn of the diaphragmal 
pericardial sheet into the left medi¬ 
astinal part of pericardium should 
be noted. The pulmonary veins and 
their pericardial recess may be 
identified superiorly to the medias¬ 
tinal sheet (Figs. 4.106 and 4.107). 



Left inferior Left Posterolateral Middle cardiac Posterior 

pulmonary vein ventricle branches I/ll vein descending artery 















4.2 Surgical Anatomy of the Coronary Arteries 225 


By lifting the apex from the peri¬ 
cardial cavity and rotating it slight¬ 
ly to the right side, the entire infe¬ 
rior two-thirds of the sternocostal 
surface and the left margin of the 
left ventricle may be exposed (Fig. 
4.108). Consequently, the vessels 
running on this part of the left ven¬ 
tricle are also exposed in this view. 
One should be aware that in this 
exposure, only the proximal course 
of the OMBs is brought into surgi¬ 
cal view, and consequently any ste¬ 
nosis or other malformation posi¬ 
tioned on the proximal course of 
the arteries may not be seen. 

The same may be postulated for 
exposure of the LAD. Note that in 
Fig. 4.108 the LAD is present on the 
right of the great anterior vein (Fig. 
4.108). D2 is seen in its entirety, 
running parallel to the LAD and 
terminating at the anterolateral as¬ 
pect of the sternocostal surface. 
The left marginal artery and its 
corresponding vein appear lateral 
and inferiorly, and toward the apex. 
Note that the posterolateral vein 
appears at the distal left margin of 
the heart (Fig. 4.108). 



Fig. 4.107. Exposure of the left lateral surface 
of the heart, right lateral view 
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Fig. 4.108. Left lateral surface of the heart 
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Pericardiacophrenic artery/vein Phrenic nerve 



Fig. 4.109. Left lateral view of the pericardium 





Phrenic nerve 
Pericardiacophrenic 

Fig. 4.110. Pericardial incision artery and vein 


4.2.2 Left Anterolateral Thora¬ 
cotomy for Exposure 
of the LAD 

This approach has been described 
in Chap. 2, and as such the descrip¬ 
tion here will be limited to the left 
anterolateral part of the thorax. 

The patient’s left chest wall is tilted 
by approximately 30° to the right. 
Following the chest-wall incision, 
the left lung is retracted, exposing 
the left mediastinal sheet of the 
pericardium (Fig. 4.109). Note that 
the phrenic nerve and its corre¬ 
sponding vessels run superiorly to 
the hilum of the left lung. Because 
of the left rotation of the heart and 
the left inferior position of the 
apex, the left phrenic nerve runs 
downward after passing the left 
hilum. The nerve is no longer 
superficially placed at the level of 
the apex, as seen clearly in Fig. 
4.109. However, it can be said that 
the left phrenic nerve exhibits a rel¬ 
atively deeper course on the peri¬ 
cardium than the right phrenic 
nerve, possibly as a result of the 
aforementioned left rotation of the 
heart. 

The pericardial incision must be 
positioned approximately two fin¬ 
ger-breadths superior to the phren¬ 
ic nerve, as depicted schematically 
in Fig. 4.110. The pericardium must 
be incised widely in order to secure 
optimal exposure of the target ves¬ 
sels. It is advisable to begin with an 
incision over the distal end of the 
lung hilum, with extension just 
over the apex. A caudal extension 
of the incision must then be per¬ 
formed, over the left auricle and 
pulmonary trunk (Fig. 4.110) 
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It is very important to remember 
that exposing the coronary arteries 
via a left anterior thoracotomy limits 
bypass surgery only to the coronary 
vessels of the anterolateral and mar¬ 
ginal surfaces of the left ventricle. 
After the pericardial incision is com¬ 
pleted, the exposure maybe facilitat¬ 
ed by positioning stay sutures and 
retracting the edges of the pericardi¬ 
um (Figs. 4.111 and 4.112). 



Left anterior descending artery Great cardiac vein 


Pulmonary trunk 


Second diagonal branch First diagonal branch Left auricle 

Fig. 4.111. Left anterior descending artery and diagonal branches 
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branch 


The first thing to be noted is the 
course of the LAD and the diagonal 
arteries. The LAD runs almost hor¬ 
izontally in the anterior interven¬ 
tricular sulcus. The great cardiac 
vein is positioned on the left side of 
the artery. The D2 runs approxi¬ 
mately parallel to the artery toward 
the apex, and supplies the sterno¬ 


Great cardiac vein 

and anterior descending artery 


costal and apical areas of the left 
ventricle. D1 run vertically and 
supply the superolateral part of the 
left ventricle. Note that the diago¬ 
nal branches are not conjoined to 
the cardiac veins (Figs. 4.111 and 
4.112). The proximal edge of the 
retracted pericardium is positioned 
just over the pulmonary trunk, and 
inferior to the greater vessel, the 
left appendage covers the bifurca¬ 
tion of the LCA (Fig. 4.112). 


branch 

Fig. 4.112. Sternocostal surface of the heart, left lateral view 
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Inferior vena cava Right ventricle Posterior descending artery Middle cardiac vein 



Posterolateral branch Posterolateral vein 

Fig. 4.113. Posterior descending and posterolateral branches 


The diaphragmal surface of the left 
ventricle may be exposed by lifting 
the heart from the pericardial hole 
by grasping the apex and rotating it 
caudally (Figs. 4.113 and 4.114). The 
posterior descending artery can 
thus be inspected; note that the 
PDA in this case branches off from 
the RCA and ends just superior to 
the apex. The middle cardiac vein, 
which in most cases is joined to the 
PDA, is found to the left of the ar¬ 
tery (Figs. 4.113 and 4.114). A small 
posterolateral branch running just 
parallel to the PDA terminates in 
the superior part of the left ventri¬ 
cle. Note the large fibrous scar on 
the posterior surface of the left 
ventricle, which indicates an old in¬ 
farction. Just inferior in our figure, 
a large posterolateral branch is also 
seen conjoined with the large pos¬ 
terolateral vein (Fig. 4.113). 



Fig. 4.114. Posterior descending artery and posterolateral branches, schematic drawing 


The inferior vena cava can be iden¬ 
tified inferior to the right ventricle 

(Figs. 4.113 and 4.114). 
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Left ascending artery 
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Fig. 4.115. Left coronary fossa with the LAD, left main branch (LMB), and circumflex branch (Cx) 
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Furthermore, instigation of an an¬ 
terolateral thoracotomy provides 
the opportunity to inspect the 
LMB, the superior third of the LAD, 
and the initial part of the Cx (Figs. 

4.115 and 4.116). The LMB is posi¬ 
tioned in the left coronary fossa, 
the space between the posterior 
wall of the pulmonary artery, and 
the anterior wall of the left atrium. 

In the in situ situation, this area is 
mostly covered by the left auricle. 

Retraction of the left atrium ex¬ 
poses the left coronary fossa (Figs. 

1.115 and 1.116). One should be 
aware that dissection and identifi¬ 
cation of the LMB in this area may 
be made difficult due to the posi¬ 
tioning of the great cardiac vein, 
which in some cases may even be 
found to the left of the coronary si¬ 
nus wall. However, it is always infe¬ 
rior to the LMB, and as such, care 
should be taken not to injure it 
during dissection of the LMB. The 
exposed left coronary fossa is seen 
in Fig. 4.115; an explanation of the 
morphological situation is present¬ 
ed in Fig. 4.116. Note that the LMB 
branches off into the LAD and the 
Cx. After passing the lateral wall of 
the pulmonary root, the LAD runs 
in the anterior interventricular sul¬ 
cus. At the beginning of the sulcus, 
the great cardiac vein crosses the 
LAD as a superficial structure and 
is thus very hard to identify. Fur¬ 
thermore, the vein is often present 
as a double vessel, crossing the ar¬ 
tery superiorly and inferiorly. How¬ 
ever in this exposure, the proximal 
branches of the LAD and D1 may 
be clearly identified; consequently, 
this exposure helps in the localiza¬ 
tion of the anastomosis on the ini¬ 
tial part of Dl. After its origin in 
the left coronary fossa, the Cx con¬ 
tinues its course in the coronary 
sulcus, initially covered by the great 
coronary vein (Fig. 4.116). This 

morphological condition renders dissection of the artery inadvisable in practice. 


Left main branch Pulmonary trunk 


Left superior 
pulmonary vein 


Aorta 


Pulmonary trunk 


Second diagonal 
branch 


Left auricle 


First diagonal 
branch 

Fig. 4.116. Left coronary fossa with the LAD, LMB, and Cx, schematic drawing 
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The middle segment of the Cx and 
its branches on the lateral aspect of 
the left ventricle may be exposed by 
elevating and rotating the heart on 
the right side (Figs. 4.117 and 
4.118). Note that the left margin and 
part of the left diaphragmal surface 
may also be exposed in this man¬ 
ner. A smaller marginal branch 
vein is seen parallel to the large left 
marginal branch. Note that a large 
posterolateral branch is seen on the 
diaphragmal surface just parallel to 
the left marginal artery (Figs. 4.117 
and 4.118). 


Fig. 4.117. Posterior descending artery and 
posterolateral artery 
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descending artery and 
posterolateral branches, schematic drawing 
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4.2.3 Left Anterior Thoraco¬ 
tomy for Exposure 
of the LCA 

Exposure of the coronary arteries 
using a left anterior thoracotomy 
limits bypass surgery to the LAD 
and its branches. This is a mini¬ 
mally invasive approach and expo¬ 
sure that is limited to the anterior 
chest wall. The left sternocostal 
surface of the left ventricle may be 
exposed by tilting the chest wall 
into the right side. 

After the thorax wall incision 
and insertion of the appropriate 
spreader, the left mediastinal sheet 
of the pericardium can be reached 
(Fig. 4.119). 



Fig. 4.119. Left pericardial sheet with the Phrenic nerve Pericardiacophrenic artery/vein 
phrenic nerve 
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Fig. 4.120. Pericardial incision 


Due to the small incision, only a very limited segment 
of the pericardium is brought into view, as well as the 
superior part of the mediastinal pericardium 
(Fig. 4.119). The left phrenic nerve must be identified 
before making an incision into the pericardium. Com¬ 
pare this exposure to that described in Sect. 4.2.2, and 
note here that the apex and the hilum of the lung may 


not be visualized completely. Thus, the pericardial inci¬ 
sion is not performed on the mediastinal sheath of the 
pericardium; rather, it is done on the sternocostal surface 
of the pericardium (Fig. 4.119 and Fig. 4.120, dashed line). 
Due to this limited access, only the middle and the upper 
parts of the sternocostal surface with their arteries are 
brought into view (see Figs. 4.121,4.122, and 4.123). 
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Left anterior descending artery 


The specimen shown in Fig. 4.121 
and the corresponding schematic 
diagram (Fig. 4.122) show the situa¬ 
tion after the opening incision of 
the pericardium and retraction of 
the pericardial edges, exposing the 
initial part of the LAD in the ante¬ 
rior interventricular sulcus. Note 
that the part of the LAD that runs 
near to the pulmonary trunk and 
that positioned in the left coronary 
fossa cannot be identified; however, 
the courses of D1 and the first OMB 
supplying the sternocostal surface 
are easily identified. 


Fig. 4.121. Sternocostal surface of the heart 
with LAD, Dl, and D2 
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Furthermore, with appropriate ro¬ 
tation of the heart with the aid of 
operating towels positioned in the 
pericardium, the distal part of the 
anterior descending branch may be 
also exposed (Figs. 1.123 and 1.124). 
Note that in this exposure the LAD 
runs just parallel to the chest wall, 
approximately in the horizontal di¬ 
rection. The large diagonal branch, 
which has an anterolateral course, 
terminates just prior to the left 
margin (Figs. 4.123 and 4.124). 


Fig. 4.123. Exposure of the LAD 


Left anterior descending artery 



Diagonal branch (D1) 


Second diagonal 
branch 



Pulmonary trunk 
Great cardiac vein 


First diagonal branch 


Fig. 4.124. LAD, schematic drawing 
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Right ventricle 



Posterior descending artery Posterolateral branch Left ventricle 


The course of the distal part of the 
posterior interventricular branch 
may be exposed by grabbing the 
apex of the heart and lifting it out 
of the pericardium (Figs. 4.125 and 
4.126). 


Fig. 4.125. Posterior descending artery and 
diaphragmal surface of the heart 


Right ventricle 


Posterior descending 
artery 



Left ventricle 


Fig. 4.126. Diaphragmal surface of the 
heart, as seen in a minimally invasive, left 
anterior thoracotomy 
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4.2.4 Right Anterolateral 
Thoracotomy for 
Exposure of the RCA 

The chest wall is opened between 
the sternal and anterior axillary 
lines with the aid of a right antero¬ 
lateral incision, as described in 
Chap. 2; the heart is approached 
from the right side, exposing the 
right lateral surface of the right 
ventricle. After the thorax spreader 
is inserted and the right lung 
retracted, the right mediastinal 
sheet of the pericardium is reached 
(Figs. 4.127 and 4.128). Note the 
bulging of the superior vena cava 
visible on the cranial side of the 
pericardium, in most cases appear¬ 
ing as a transparent blue structure. 
The pericardial impression of the 
ascending aorta may be identified 
superior, and in some instances 
deep to the superior vena cava. 
Note that after entering the chest 
cavity, the right phrenic nerve runs 
along the pericardial surface cover¬ 
ing the superior vena cava (Fig. 
4.127). On reaching the area where 
the vein enters the right atrium, the 
nerve turns inferiorly toward the 
right hilum of the lung. This change 
of direction is seen in Fig. 4.127. 
Then, on reaching the superior 
layer of the hilum, the nerve con¬ 
tinues its course on the right medi¬ 
astinal sheet of the pericardium, 
running toward the diaphragm 
(Fig. 4.128). When it reaches the 
right cupule of the diaphragm, the 
nerve and its conjoined vessels 
divide into branches in the fat tis¬ 
sue between the pericardium and 
the diaphragm (Fig. 4.128). These 
branches run in a radial direction 
on the surface of the diaphragm, 
toward its attachment. 



Phrenic nerve Superior vena cava Ascending aorta Oblique fissure Pericardium 


Right lung, superior lobe Horizontal fissure Right lung, middle lobe Right lung, inferior lobe 
Fig. 4.127. Right phrenic nerve in relation to the superior vena cava 


Pericardiacophrenic artery/vein Pericardium Phrenic nerve Diaphragm 



Right lung, superior lobe Horizontal fissure Right lung, middle lobe Right lung, inferior lobe 
Fig. 4.128. Course of the right phrenic nerve 
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Fig. 4.129. Pericardial incision 


Superior vena cava Phrenic nerve Right atrium 



The pericardium is incised in a hor¬ 
izontal manner, approximately one 
to two finger-breadths superior to 
the phrenic nerve. The incision is in 
most cases performed in the cranial 
direction, with its superior limit at 
the inferior edge of the superior 
vena cava, as demonstrated sche¬ 
matically in Fig. 4.129. Note that the 
incision lies over the right atrium; 
in light of this fact, and given that 
the wall of the right atrium is very 
thin, the surgeon should be very 
careful not to inadvertently open 
the right atrial wall when perform¬ 
ing the incision (Fig. 4.130). 

Fig. 4.130. Exposure of the right atrium 


Right lung 


Diaphragm 
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After completion of the pericardial 
incision, the stay sutures are placed 
at the pericardial edges and the 
right half of the heart is exposed. 
The lateral wall of the right atrium 
completes the majority of the oper¬ 
ating field (Fig. 4.131, 4.132). Note 
that the junction between the right 
atrium and the superior vena cava 
is clearly visible. The ascending 
part of the aorta is positioned deep, 
anterior, and to the left of the supe¬ 
rior vena cava (Fig. 4.131,4.132). 
The RCA may be identified inferior 
to the right atrium and just over 
the right ventricle, in the fat tissue 
of the right anterior part of the cor¬ 
onary sinus (Fig. 4.131). 

Fig. 4.131. Exposure of the right heart 
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Fig. 4.132. Right marginal branch, schematic drawing 
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Right ventricle Course of right coronary artery 



The RCA may be exposed further 
by rotating the heart to the left 
(Fig. 4.133). In this area, the artery 
runs alone and is not accompanied 
by veins; however, the small veins 
completing the drainage of the left 
ventricle may in some instances 
cross the artery. Thus, during the 
dissection of the artery, damage to 
these veins may cause bothersome 
bleeding. 


Fig. 4.133. Exposure of the RCA 


Sinoatrial node Right atrium 


Right coronary artery Right marginal vein Right marginal branch 



Further mobilization of the right 
ventricle exposes the entire course 
of the anterior part of the RCA, as 
well as the branches at the right 
marginal area (Fig. 4.134). Note that 
in the presented case the right mar¬ 
ginal artery branches off just in 
front of the right margin, and in 
this case is accompanied by the 
marginal vein, which in most cases 
drains into the anterior cardiac 
vein (Figs. 4.134 and 4.135). 


Right atrium 


Diaphragmal surface 
of right ventricle 


Diaphragm 


Fig. 4.134. Right marginal branch 
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Right coronary 
artery 


Right atrium 


Fig. 4.135. Right marginal branch, schematic drawing 



Right marginal branch 


Diaphragmatic surface 
of the right ventricle 


Diaphragm 


4.2.5 Transdiaphragmatic 
Approach to the 
Posterior Descending 
Branch 

The transdiaphragmatic approach 
to the RCA is used mostly as an 
alternative to a second or third 
redo-operation on the RCA. This 
exposure has to be considered par¬ 
ticularly in cases where a sterno¬ 
tomy and/or establishment of a car¬ 
diopulmonary bypass is contrain¬ 
dicated. The initial steps of this 
procedure are described in Chap. 2. 
Herein, we will focus on the final 
part of this exposure. After per¬ 
forming a superior median laparot¬ 
omy and formation of a gap be¬ 
tween the liver and the diaphragm, 
exposure of the heart may be 
achieved. The exposed abdominal 
side of the diaphragm is seen in 
Fig. 4.136, in which the central ten¬ 
don is seen just in front of the sur- 


Diaphragm 



Liver Coronary ligament 

Fig. 4.136. Abdominal aspect of the central tendon 
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Fig. 4.137. Opening incision of the central tendon 


Falciform ligament 


Pericardium 


Central tendon 


geon; on the left is the falciform 
ligament of the liver. The ligament 
is a very important morphological 
landmark, because the opening of 
the vena cava into the right atrium 
may be found caudally on the tho¬ 
racic side of the diaphragm, just 
over the ligament. 

The left coronary ligament is 
also seen inferior to the central ten¬ 
don (Fig. 4.136). In the case of a 
very deeply positioned central ten¬ 
don, or if the exposure is not ideal, 
this ligament may be incised by 
performing a horizontal incision. 

In this case, the whole left liver lobe 
may be disconnected from the dia¬ 
phragm. Some space between the 
diaphragm and the liver may be 
obtained by slightly pushing the 
left lobe of the liver caudally. The 
diaphragm is incised in a vertical 
direction over the left liver lobe in 
the middle of the central tendon. 
The incision must be positioned 
approximately two finger-breadths 
to the left of the falciform ligament 
in order to avoid injury to the infe¬ 
rior vena cava. This is seen on 
Figs. 4.137 and 4.138. The diaphrag- 
mal sheet of the pericardium is 
immediately exposed following 
incision of the diaphragm (Fig. 
4.138). 



— Coronary ligament 


Liver 


Fig. 4.138. Vertical diaphragmal incision 
and exposure of the pericardium 
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After incision of the pericardium 
and positioning of stay sutures, the 
posterior descending branch of the 
RCA is exposed at the pericardial 
edges (Figs. 4.139 and 4.140). In the 
presented case, the artery is accom¬ 
panied by a median cardiac vein, 
which covers the posterior de¬ 
scending branch. However, the ar- Right heart 
tery becomes superficial in its 
proximal part, and is positioned 
just to the right side of the vein 
(Figs. 4.139 and 4.140). 

Posterior 

descending 

artery 


Fig. 4.139. Diaphragmal surface of the heart and the poste¬ 
rior descending artery 
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Fig. 4.140. Diaphragmal surface of the heart, as seen in the 
transdiaphragmal approach 
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Right marginal branch Right ventricle 



Falciform ligament Liver 


Further displacement of the heart, 
revealing the right marginal branch 
in this approach (Figs. 4.141 and 
4.142), may be achieved by exten¬ 
sive displacement of the apex to the 
left side. Consequently, the right 
margin comes into the surgical 
field. However, the formation of an 
anastomosis on this target vessel 
requires a lot of surgical experience 
and skill. 


Fig. 4.141. Marginal branch of the right cor¬ 
onary artery 


Falciform 

ligament 
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Right ventricle 
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Fig. 4.142. Right marginal branch, as seen in the transdiaph- 
ragmal approach 
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5.1 General Anatomy of the Aortic Valve 

5.1.1 Definition of the Aortic Root 


The aortic root is a morphological physiological unit 
that is composed of the sinuses of Valsalva, three leaflets, 
and both coronary ostia, as well the three intervalvular 
triangles. From a strictly morphological point of view, 
the intervalvular triangles belong to the outflow tract of 
the left ventricle; however, from a functional point of 
view they belong to the aortic root. Thus, the aortic root 
structure is a compound of two morphological parts, 
namely the proximal part of the ascending aorta, includ¬ 
ing the area of the three leaflets, and the terminal part of 
the left ventricular outflow tract. In light of this morpho- 
physiological definition, in this chapter we will describe 
the detailed anatomy of aortic root. 

In the presented dry-dissected specimen (Fig. 5.1), the 
great vessels and the left and right atria have been 
removed and the aortic root is inspected from posterior 
aspect. In this view, it is clear that the non coronary sinus 
is in direct contact with the left and right atria. The inter¬ 
atrial septum in this case indicates the middle of the non¬ 
coronary sinus, and as such, it is a landmark that sepa¬ 
rates the left and right halves of the noncoronary sinus 
(Fig. 5.1). Note that the aortic root is positioned in the 
anterior half of the left ventricular ostium, and the poste¬ 
rior half is occupied by the opening of the mitral valve. 



Pulmonary 

root 


Aortic root 


Right ventricle 


Mitral valve 

Left ventricle 


Tricuspid valve 


Fig. 5.2. Posterolateral view of the aortic root, schematic drawing 


Left coronary sinus Noncoronary sinus 



Left ventricle Interatrial septum Right ventricle 
Fig. 5.1. Posterior view of the aortic root 


A posterolateral view of the aortic root is presented on 
the schematic drawing in Fig. 5.2, in which, for didactic 
reasons, the noncoronary sinus is colored in green, the 
right coronary sinus in blue, the left coronary sinus in 
red, and the interventricular triangles in yellow. This col¬ 
oring of the corresponding sinuses will be used through¬ 
out this chapter. The left and right atria have been re¬ 
moved, and only the position of the attachments is indi¬ 
cated. The right coronary sinus is positioned just over the 
posterolateral wall of the right ventricle. The right coro¬ 
nary sinus may also be divided into anterior and posteri¬ 
or segments. The posterior segment, which is near to the 
noncoronary sinus, is connected directly to the anterola¬ 
teral commissure of the tricuspid valve. This right half of 
the noncoronary sinus is positioned just over the septal 
leaflet and membraneus septum. The left segment is con¬ 
joined to the anterior leaflet of the mitral valve. As men¬ 
tioned previously the interatrial septum separates the 
noncoronary sinus into right and left parts. The right/an¬ 
terior half of the noncoronary sinus is attached to the 
posterior superior area of the interventricular septum. Be 
aware that the bundle of His may be found in the proxi- 
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mal part of the aforementioned 
septum. The left/posterior part of 
the noncoronary sinus is placed 
over the posterolateral commissure 
of the mitral valve. The right half of 
the left coronary sinus is anterior 
to the anterior leaflet of the mitral 
valve; only the left part of the sinus 
is connected directly to the left 
ventricular muscle (Fig. 5.2). 

The superior border of the aortic 
root is known as the sinotubular 
junction. This ring-like structure is 
positioned on the transition 
between the sinuses and the tubu¬ 
lar part of the ascending aorta. A 
cross-section of the sinotubular 
junction in a dry-dissected speci¬ 
men is shown in Fig. 5.3, and on the 
corresponding drawing (Fig. 5.4). 
The aortic root was transected in 
the frontal direction, the transec¬ 
tion plane running through both 
coronary arteries. The left and 
right coronary sinuses have been 
partially removed, but the attach¬ 
ments of the right and left coronary 
arteries remain. Note that the right 
coronary artery has a superior hor¬ 
izontal axis, and the left has an in¬ 
ferior axis. The noncoronary sinus 
is viewed in the frontal direction 
(Fig. 5.3). The sinotubular junction 
is positioned at the level of the 
commissures, although in some 
cases it may be placed just beyond 
the three commissures. Note that 
the left coronary artery is placed 
almost at the level of the sinotubu¬ 
lar junction, and as such, the open¬ 
ing of the artery may be described 
as having a high-positioned osti- 
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coronary 

artery 


Sinutubular 

junction 

Left coronary 
artery 


Fig. 5.3. Sinotubular junction as a superior border of the aortic root 




Fig. 5.4. Sinotubular junction as a superior border of the aortic root, sche¬ 
matic drawing 


um. 
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Posterior interventricular triangle Left coronary artery 



Noncoronary Anterior leaflet Left coronary 

sinus of mitral valve sinus 


Fig. 5.5. Inferior border of the aortic root, at the level of the mitral 
valve attachment 


The inferior border of the aortic root is defined as the 
aortic root base. This is also a circular structure; how¬ 
ever, unlike the sinotubular junction, the anatomy of the 
aortic root base is not unique. This circular line is a 
combination of the intervalvular triangles (Fig. 5.5) and 
the nadirs of the leaflet attachments (Fig. 5.6). The pos¬ 
terior part of the left ventricle has been removed in the 
dry-dissected specimen in Fig. 5.5, in which the area of 
the anterior leaflet of the mitral valve is inspected from 
the posterior aspect. The noncoronary and left coronary 
sinuses are seen superior to the mitral valve. The leaf¬ 
lets of the corresponding sinuses have been removed. 
The nadirs of the leaflets and the intervalvular triangle 
over the mitral valve together create the aortic root base 
(see dashed line). 

The intervalvular triangles are structures belonging 
to the left ventricle and are positioned between the 
attachments of the leaflets. The classical anatomical lit¬ 
erature describes the three intervalvular triangles as 
left, right, and posterior. The left intervalvular triangle 
is positioned between the left and right coronary si¬ 
nuses, just over the left ventricular musculature. The 
posterior intervalvular triangle is found between the left 
and noncoronary sinuses, and is positioned over the an¬ 
terior leaflet of the mitral valve. From the ventricular 
aspect, the border between the anterior leaflet and the 
intervalvular triangle is defined by the line that con¬ 
nects the deepest points of the noncoronary and left 
coronary sinuses (Fig. 5.5 dashed line). From the atrial 
aspect, the inferior border of the triangle is connected 
directly to the left atrial attachment and to the hinge 
line of the anterior leaflet. The right intervalvular trian¬ 
gle is located just over the membranous septum, be¬ 
tween the right and noncoronary sinuses. 


Aortic root 


Mitral valve 



Right ventricle 


Tricuspid 
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Left- 

ventricle 


Cornford 

Fig. 5.6. Topography of the intervalvular triangles and run-off of the aortic root base 


A schematic drawing of the aortic 
root with special focus on the aor¬ 
tic root base is shown in Fig. 5.6. 
The line connecting the interven¬ 
tricular triangles and the leaflet at¬ 
tachments represents the virtual 
course of the aortic root base 
(Fig. 5.6). 
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Anterior superior view of the aortic 
root (Fig. 5.7), in this projection the 
relationship between the right and 
left coronary sinuses and the adja¬ 
cent structures may be discussed. 
The schematic drawing in Fig. 5.8 
enables a better understanding of 
the morphological situation. Note 
that the right coronary sinus is 
shown to the right of the right cor¬ 
onary fossa (Figs. 5.7 and 5.8). The 
right coronary fossa is a space that 
is bordered by the anterior wall of 
the right atrium, the pulmonary 
root, and the anterolateral wall of 
the right ventricle. On the pre¬ 
sented specimen, the right atrium 
has been removed, but the rest of 
the components remain in situ. 
Note that the right coronary sinus 
is attached to the anterolateral wall 
of the right ventricle. The anterior 
commissure of the aortic root is 
positioned just contralateral to the 
posterior commissure of the pul¬ 
monary root (Fig. 5.7). In contrast, 
the left coronary sinus, which is 
also a part of the left coronary 
fossa, is adjacent not only to the left 
ventricle, but also to the anterolate¬ 
ral part of the anterior mitral valve 
leaflet. 


Theoretically, the three sinuses 
appear to be symmetrical struc¬ 
tures with approximately the same 
dimensions; however, detailed mea¬ 
surements (50 human hearts) of the 
specific parameters in the aortic 
root have shown that the right cor¬ 
onary sinus is the largest, followed 
by the noncoronary sinus and the 
left coronary sinus (Table 5.1). The 
distance between the commissures 
belonging to each sinus and the 
height and volume of each sinus 
have revealed this pattern. 


Tricuspid valve 
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sinus sinus sinus 

Fig. 5.7. Superior view of the aortic root 



Fig. 5.8. Superior view of the aortic root, schematic drawing 
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Table 5.1 Geometrical arrangement of aortic root (our own results) 



Aortic root 

Right coronary 
sinus 

Noncoronary sinus 

Left coronary sinus 

Sinus height (mm) 

19.4 ± 1.9 

17.7 ± 1.8 

17.4 ± 1.4 

Intercommissural 

18.8 ± 1.9 

17.4 ±2.0 

15.2 ± 1.9 

distance (mm) 
Sinus volume (ml) 

1.6 ± 0.3 

1.33 ± 0.27 

1.04 ± 0.23 
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Fig. 5.9. Ostium of the left ventricle, poste¬ 
rior view 
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Fig. 5.10. Ostium of the left ventricle, poste¬ 
rior view, schematic drawing 


A complete understanding of the topography of the aor¬ 
tic root attachment to the left ventricle requires knowl¬ 
edge of the anatomy of so-called ostium of the left ven¬ 
tricle, with special attention paid to aortic root sinuses 
(see Figs. 5.9 and 5.10). 

On the dissected specimen presented in the Fig. 5.9, 
the left and right atria have been removed. The walls of 
the three sinuses in the aortic root have also been dis¬ 
sected away, leaving only the fibrous skeleton of the aor¬ 
tic root. The specimen is presented from the left poste¬ 


rior lateral view, as is the corre¬ 
sponding schematic drawing in 
Fig. 5.10. The fibrous skeleton of the 
heart is colored in yellow and the 
intervalvular triangles are orange. 
Note that the fibrous skeleton is 
connected directly to the membra¬ 
nous structure encircling the rest of 
the left ventricular ostium (Fig. 
5.10). The details of this membra¬ 
nous structure will be discussed 
later, but it is perhaps important to 
note at this stage that this structure 
is directly connected to the left and 
right fibrous trigones, and that it is 
a continuation of the mitral part of 
the left ventricular ostium. This 
membrane provides the attachment 
between the left atrium and the mitral valve to the left 
ventricle. The attachment of the left atrium to the mem¬ 
brane is indicated as a blue strip positioned over the 
anterior leaflet of the mitral valve. The hinge area of the 
anterior leaflet of the mitral valve is presented as a dark 
triangle. The dashed line at the base of the aortic root 
presents the plane of the aortic root base (Fig. 5.10). 
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Fig. 5.11. Ostium of the left ventricle after 
removal of the posterior intervalvular tri¬ 
angle 
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The left fibrous trigone is also a part of this membrane; 
details of the position and course of the membranous 
structure will be discussed later on. Note that this struc¬ 
ture was also described previously by McAlpine, and 
that in our series we also investigated this membranous 
structure in 10 hearts. 

Removal of the posterior intervalvular triangle and 
the adjacent parts of the left and noncoronary sinuses 
exposes the large ostium of the left ventricle; this is the 
so-called muscular opening of the left ventricle, and is 
presented in Fig. 5.11. This is the same specimen as seen 
on Fig. 5.9, wherein the opening of the left ventricle is 
inspected from the left lateral superior view. The attach¬ 
ment of the left and right coronary sinuses to the left 
ventricle has been exposed. The anterior mitral valve 
was excised along with the conjoined part of the aortic 
root, leaving only the left half of the left coronary sinus 
and the right half of the noncoronary sinus. Note that 
the entire right coronary sinus is attached to the ante¬ 
rior superior part of the interventricular septum. Both 
of these structures are connected directly to the left 
ventricle (Fig. 5.11). Note that the left fibrous trigone is 
found at the cross-section of the left coronary sinus, the 
right fibrous trigone is found at the cross-section of the 
non coronary sinus, the membranous septum and the 
attachment of the septal leaflet may be identified inferi¬ 
or to the right trigone (Fig. 5.11). The area of the atrio¬ 
ventricular node (AVN) and bundle of His are posi¬ 
tioned on the posterior superior process of the left ven¬ 
tricle. The correct position will be discussed later. It 


should be noted that the posterior intervalvular triangle 
and the adjacent parts of the left and noncoronary si¬ 
nuses are not directly attached to the left ventricle in 
this situation (see Fig. 5.10). They are positioned be¬ 
tween the left and right fibrous trigones, an area in 
which there is no solid structure to support the attach¬ 
ment of the aortic root. Indeed, the transition between 
the mitral valve and the aortic root seems to be without 
any macroscopically visible borders. However, the supe¬ 
rior border of the mitral valve hinge area may be inter¬ 
preted as being the only fibrous structure providing any 
attachment to the left atrium and aortic root. Further¬ 
more, the left and right fibrous trigones serve as an¬ 
choring structures, providing the fixation for the mitral 
valve hinge region. Physiological studies have revealed 
the relatively rigid nature of this area of the mitral 
valve; this will be discussed further in Chap. 6. 
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Fig. 5.12. Left intervalvular triangle, right 
lateral view 



Fig. 5.13. Left intervalvular triangle, right 
lateral view, schematic drawing 


Fig. 5.12 and 5.13 show a right lateral view of the left 
intervalvular trigone and the corresponding drawing, 
respectively. On the schematic drawing, the dashed and 
solid lines mark the border between the left ventricular 
musculature and the fibrous tissue. The inferior border 
of the left intervalvular trigone is at the same level as 
the deepest point of the right and left coronary sinuses. 
Examine very carefully the dry-dissected specimen 
(Fig. 5.12) and the corresponding schematic drawing 
(Fig. 5.13). One can see very clearly that the wall of the 
trigone is composed of two important structures, the 
muscular and fibrous components. The superior part of 
the trigone (orange color in Fig. 5.13) is made of fibrous 


tissue, and the inferior third is made of the left ventric¬ 
ular musculature (Fig. 5.12 and Fig. 5.13). The contact 
between the left ventricle and the left fibrous trigone 
can be seen at the deepest point of the left coronary 
sinus. This area is presented almost in cross-section in 
Fig. 5.12, and is marked by a deep blue color in Fig. 5.13. 
The very keen observer may note that the commissural 
zone of the mitral valve does not correspond to the po¬ 
sition of the fibrous trigonum. The fibrous trigone is 
about 11 mm anterior to the commissure (Fig. 5.12). 
Note that the yellow strip indicates the presence of the 
subvalvular membrane. 
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Fig. 5.14. Right intervalvular triangle, left 
lateral view 
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Fig. 5.14 shows a left lateral view of 
a dry-dissected specimen, present¬ 
ing the topography of the right in¬ 
tervalvular triangle; Fig. 5.15 is the 
corresponding schematic drawing. 

Dashed line (Fig 5.15) marks the 
border between the muscular and 
fibrous components of the right in¬ 
tervalvular trigone. The fibrous 
part is in this case larger relative to 
the posterior and left intervalvular 
regions. The fibrous part is nothing 
more than the membranous part of 
the interventricular septum, at the 
deepest point of which is found the 
course of the left main branch of 
the heart conducting system (Fig. 

5.15). Thus, one can note that the 
noncoronary sinus is actually not attached to the left 
ventricle; the membranous septum provides the attach¬ 
ment to the left ventricle. On reaching the area of the 
right fibrous trigone, the base of the noncoronary sinus 
turns medially toward the anterior mitral valve. As 
shown on the drawing (Fig. 5.15), the right fibrous trigo¬ 
ne is superior and anterior to the posterolateral com¬ 



Fig. 5.15. Right intervalvular triangle, left lateral view, schematic drawing 


missure. Thus, part of the anterior leaflet of the mitral 
valve is also attached indirectly to the left ventricular 
muscle, indirectly via the membranous septum. Note 
that the membranous septum does not end at the level 
of the fibrous trigone (Figs. 5.15 and 5.13); it continues 
laterally and is connected directly to the subvalvular 
membrane of the posterior leaflet. 
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Fig. 5.16. Left posterior view of the aortic root 


5.1.2 Relationship Between the Aortic Root and 
the Left Heart 

The special relationship between the root components 
and all four chambers of the heart will be discussed 
now. To achieve that, we believe it is essential to provide 
a detailed description of the root components and their 
relationship to the left and/or right halves of the heart. 
In this chapter, we will describe the relationship be¬ 
tween the aortic root and the left heart, and in particu¬ 
lar its relationship to the left ventricle and left atrium. 

In Fig. 5.16, the aortic root is inspected from the left 
posterior view. The left atrium has been removed, leav¬ 
ing only the part creating the left wall of the interatrial 
septum. Here, one can observe the left side of the oval 
fossa. Posterior bulging of the left and noncoronary si¬ 
nuses toward the anterior wall of the left atrium is a 
characteristic of this specimen. The left coronary artery 
was dissected at the level of the left main branch. Its ori¬ 
gin and position definitively indicate the position of the 
left coronary sinus. Note that the right part of the left 
coronary sinus and the left part of the noncoronary si¬ 
nus are positioned in front and to the anterior wall of 
the left atrium. The posterior intervalvular triangle is 
positioned between two sinuses just over the middle of 
the anterior leaflet of the mitral valve. At this point we 
should call to mind the relationship between the non¬ 


coronary sinus and the interatrial 
septum, whereby the wall of the in¬ 
teratrial septum is positioned at the 
middle of the noncoronary sinus, 
thus indicating the middle of the si¬ 
nus (Fig. 5.16). However, the atrial 
septum is not always placed at the 
middle of the noncoronary sinus, 
and so it may be used as a land¬ 
mark between the left and right 
halves of the noncoronary sinus. In 
the case where the atrial septum is 
positioned behind the left half of 
the noncoronary sinus, or as seen 
in very rare cases behind the poste¬ 
rior interventricular triangle, the 
aortic root has been recorded as 
being left rotated. In addition, if 
the aortic root is right rotated, the 
interatrial septum is found just be¬ 
hind the right half of the noncoro¬ 
nary sinus. 

A smooth groove may be found 
just inferior to the anterior inferior 
part of the interatrial septum at the level of the mitral 
valve annulus, in front and superior to the posterolat¬ 
eral commissure of the mitral valve. This intussuscep¬ 
tion in the area of the annulus indicates the position of 
the right fibrous trigone (Fig. 5.16). Note that the fi¬ 
brous trigone is placed in front of the posterior com¬ 
missure of the mitral valve. Here one can see very 
clearly that the fibrous trigone is not in contact with 
the posterolateral commissure. The average distance 
between these two structures is about 11 mm, and they 
come directly into contact with the annulus only at the 
place where the anterior wall of the left and right atria 
meets and creates the anterior edge-line of the inter¬ 
atrial septum. 

Analogous to the right fibrous trigone, the incisure of 
the left fibrous trigone may also be found at the left side 
of the mitral valve annulus, in front of the anterolateral 
commissure (see Fig. 5.16). Note that the point at which 
the left fibrous trigone is attached to the left ventricular 
muscle corresponds to that where the left coronary si¬ 
nus of the aorta very nearly approaches the mitral valve. 
This situation must be considered strongly when plac¬ 
ing suture stitches during mitral valve surgery. This ar¬ 
ea of the left fibrous trigone also represents a very com¬ 
plex morphological entity; this is also where the left lat¬ 
eral ventricular muscle attaches to the interventricular 
septum. 
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Left ventricle Left coronary sinus Interatrial septum 
Fig. 5.17. Relationship between the left sinus and the left ostial process 
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Fig. 5.18. Left lateral view of the aortic root and the left ostial process 


A superior left posterior view of the 
aortic root is presented in the dry- 
dissected specimen in Fig. 5.17, in 
which the position of the left coro¬ 
nary sinus and its relationship to 
the left ventricle can be observed. 

The musculature of the left ventri¬ 
cle, which is positioned lateral to 
the attachment of the left coronary 
sinus to the left ventricle and is an¬ 
terolateral to the corresponding 
segment of the mitral valve annu¬ 
lus, is also described as the left os¬ 
tial process. It is a triangular struc¬ 
ture, the apex of which is posi¬ 
tioned at the left fibrous trigone. 

The anterior part of this trigone is 
attached to the inferior part of the 
left coronary sinus, running toward 
the posterior wall of the pulmonary 
trunk (Fig. 5.17). On reaching the 
pulmonary trunk, the left ostial 
process also indicates the position 
of the attachment between the sep¬ 
tal and left lateral wall of the left 
ventricle. The posterior part of the 
triangle represents the musculature 
of the left ventricle, running from 
the left fibrous triangle to the area 
of the anterolateral commissure of 
the mitral valve. The basal part of 
the triangle is represented as a 
straight line connecting the pulmo¬ 
nary and commissural ends (see 
the schematic drawing on Fig. 5.18, 
on Fig. 5.17 the triangle is marked 
with a dashed line). 

The ventricular attachment of 
the aortic root and the mitral valve 
will now be discussed. A left lateral 
view of the aortic root is shown in 
Fig. 5.19; note that the posterior intervalvular triangle of 
the aortic root and the anterior leaflet of the mitral 
valve are both positioned in the frontal plane. However, 
the two structures are not positioned at the same level; 
the anterior leaflet is placed posterior relative to the 
plane of the aortic root. Consequently, the anterior 
commissure of the mitral valve is positioned in the 
frontal plane. The commissure is about 8-10 mm poste¬ 
rior to the frontal plane of the aortic root. Be aware that 
the attachment of the mitral valve is positioned inferior- 


ly relative to the aortic root. The aforementioned frontal 
positions of the aortic root and the mitral valve suggest 
that in most cases, aneurysms of the left coronary sinus 
perforate toward the left atrium. Of course in the case of 
the right-rotated aortic root, the aneurysm may pro¬ 
trude into the right atrium (Fig. 5.19). 

The relationship between the left coronary sinus and 
the left ventricle is presented in Fig. 5.20. The definition 
and borders of the left ostial process are presented in 
Fig. 5.18. As mentioned earlier, the left fibrous trigone 
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Fig. 5.20. Filum of Henle, the left fibrous trigonum, left superior view 


may be found at the apex of this 
area, close to the mitral valve, aor¬ 
tic root, and left atrium. This are all 
attached to the left ventricle, prac¬ 
tically at the apex of the left ostial 
process. The size of the trigone 
varies between individuals, and in 
some cases is even absent, in which 
case the left ostial process is at¬ 
tached directly to the left atrium 
and left coronary sinus, and ap¬ 
pears as a large muscular structure 
(Fig. 5.17). If in such cases if aneu¬ 
rysm of the left coronary sinus de¬ 
velops, there is a morphologically 
greater potential for it to protrude 
into the left ventricle. This is ex¬ 
plained by the absence of the fi¬ 
brous structure, which in some 
cases may show some cartilaginous 
components and is as such directly 
responsible for the strengthening of 
this area. 

In some cases the fibrous trigone 
may reach the posterior intervalvu- 
lar triangle of the aortic root, and 
as such is positioned between the 
left coronary sinus and left atrium. 
On the other hand, the same trigo¬ 
ne may have its extension between 
the left ventricle and left atrium, 
running in the coronary sulcus. 
These fibrous extensions are also 
called the fila of Henle, and can be 
seen on the dry-dissected specimen 
in Fig. 5.20. The structure is a part 
of greater functional unit that will 
be discussed in detail in Chap. 6. 
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5.1.3 Relationship Between the Aortic Root 
and the Right Heart 
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Fig. 5.21. Right lateral view of the aortic root 


We will now discuss the relation¬ 
ship between the aortic root and 
the right part of the heart. To facili¬ 
tate this discussion, the lateral an¬ 
terior and posterior walls of the 
right atrium in the dry-dissected 
specimen have been removed 
(Fig. 5.21 ; inspected from the right 
lateral perspective). The septal wall 
and the area of the anterior inter¬ 
atrial sulcus have been left in situ, 
and so the shape and position of 
the right atrium may be imagined. 

The right and noncoronary sinuses 
are thus visible. The right coronary 
sinus is identified by the right coro¬ 
nary ostium and is anterior to the 
noncoronary sinus. The right inter- 
valvular triangle is positioned be¬ 
tween them. From this perspective, 
it is clear that the right ventri¬ 
cle is directly related to the right coronary sinus and to 
the right intervalvular triangle. Note that the posterior 
wall of the infundibulum is positioned in front of the 
right coronary sinus and in front of the anterior inter¬ 
valvular triangle (Fig. 5.21). The part of the right ventri¬ 
cle that acts as an anchor for the right coronary sinus 
and the right intervalvular triangle is known as the pos¬ 
terolateral wall of the right ventricle (see also Fig. 5.22, 
dashed line). This part of the right ventricle is posi¬ 
tioned between the infundibulum and the tricuspid 
valve. The morphology of the posterolateral wall of the 
right ventricle will be discussed later. 

Note that in this case the noncoronary sinus is placed 
in front of the interatrial sulcus (Fig. 5.21). In most 
cases, the attachment between the atria is positioned at 
the midpoint of the noncoronary sinus. If the interatrial 
septum is shifted to the right of the noncoronary sinus 
midpoint, the left coronary sinus is turned anteriorly. In 
this situation, the left coronary sinus has almost no con¬ 
tact with the left atrium; this is a right-rotated aortic 
root. If the interatrial septum is shifted to the left of the 
midline of the noncoronary sinus, the term left-rotated 
aortic root is used. In this case, the right coronary sinus 
has lost its contact to the right atrium. The left coronary 
sinus is rotated to the right and posteriorly, and the 
right coronary sinus is placed almost in a frontal direc¬ 
tion. 


A superior view of the right coronary sinus and its rela¬ 
tionship to the right ventricle is presented on the dry- 
dissected specimen in Fig. 5.22 and on the correspond¬ 
ing schematic drawing (Fig. 5.23). Note that the left ven¬ 
tricle and the left atrium have been removed. Only the 
anterior part of the mitral valve remains, with the cor¬ 
responding attachments of the left atrium (marked as a 
red line posterior to the aortic root in Fig. 5.23a). The 
right atrium has been left in situ, and the walls of the 
aortic root sinuses have been removed (Fig. 5.22). The 
attachments of the leaflets and the commissures remain; 
in this way only the fibrous skeleton of the aortic root is 
intact. In this view, the pulmonary root and the infun¬ 
dibulum are anterior to the aortic root. The noncorona¬ 
ry sinus is marked as green, the right as blue and the 
left coronary sinus as red (Fig. 5.23). The posterolateral 
wall of the right ventricle is colored in blue (Fig. 5.23b) 
and, as seen here, is positioned inferior to the right 
coronary sinus. This segment of the right ventricle 
stretches from the right surface of the pulmonary root 
to the anterolateral wall of the right atrium (Fig. 5.23). 
The anterior wall of the right atrium is apposed to the 
right intervalvular triangle, and in part to the noncoro¬ 
nary sinus. The interatrial septum is viewed from the 
left superior aspect and, because the left atrium has 
been removed, it represents only the right side of the 
septum (Fig. 5.23). The junction between the lilac and 
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Fig. 5.23. a Superior view of the relationship 
between the right coronary sinus and the 
right ventricle, schematic drawing 


the blue marked attachments of the corresponding two 
atria is shown on Fig. 5.23b, the atrial septum projecting 
just behind the noncoronary sinus (Fig. 5.23). The ante¬ 
rior commissure of the aortic root is positioned just be¬ 
hind the posterior commissure of the pulmonary root. 
The left part of the right coronary sinus is in contact with 
the anterior wall of the right atrium; in the left orienta¬ 
tion of the aortic root, this area is much greater. This 
close relationship also explains the very high incidence of 
right coronary sinus ruptures into the right atrium. The 
left aspect of the right sinus is found at the posterior wall 
of the infundibulum (Figs. 5.22 and 5.23). 

Most of the left coronary sinus is attached to the left 


ventricle; however, the right part, which is positioned 
posterior to the pulmonary root, is still in contact with 
the anterolateral wall of the right ventricle. This part of 
the right ventricle is actually the proximal part of the 
interventricular septum (Figs. 5.22 and 5.23). It is 
important to take note of this situation, especially in the 
case of the left-rotated aortic root, in which the area of 
interventricular septum that is conjoined to the left cor¬ 
onary sinus is in some instances larger. This is relevant 
in the case of left coronary sinus aneurysms, wherein 
the aneurysm may penetrate the right ventricle or inter¬ 
ventricular septum, resulting in an acute left to right 
shunt. Furthermore, because of the very close relation- 
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ship with the infundibulum, large 
aneurysms may cause compression 
of the right ventricular outflow 
tract. 
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Fig. 5.23. b Lateral view of the relationship between the right coronary sinus and the right 
ventricle, schematic drawing 


In Fig. 5.24, the lateral wall of the 
right ventricle and the right atrium 
has been removed and the speci¬ 
men is inspected from the right lat¬ 
eral view. The right coronary 
ostium and the right intervalvular 
triangle are visible. The attachment 
of the septal valve is also exposed 
in this projection (indicated by 
dashed line). The closed pulmo¬ 
nary valve is inspected from infe¬ 
rior. The anterolateral wall of the 
right ventricle is attached to the 
right coronary sinus. This view 
allows the relationship between the 
right coronary sinus and the right 
ventricle to be investigated. The 
right coronary sinus is related to 
the outflow and inflow tracts of the 
right ventricle. The border between 
these two parts of the right ventri¬ 
cle is marked by the superior papil¬ 
lary muscle (Fig. 5.24). This papil¬ 
lary muscle provides the attach¬ 
ment of the septal leaflet. The right 
intervalvular triangle is positioned 
just superior to the anterolateral 
commissure of the tricuspid valve, 
and as here, the noncoronary sinus 
bulges into the anterior wall of the 
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Fig. 5.24. Right view of the relationship between the aortic root and the right ventricle 
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Fig. 5.25. Topography of the atrioventricular node and its artery, right lateral view 
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Fig. 5.26. Topography of the atrioventricular node and its artery, right lateral view, schematic 
drawing 
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left atrium. Note that the atrioven¬ 
tricular node (AVN) and the AVN 
artery are positioned in the space 
between the attachment of the sep¬ 
tal valve and the inferior border of 
the atrial septum. This situation is 
also seen in the dry-dissected spec¬ 
imen in Fig. 5 .25 (AVN is marked as 
dashed circle) and the correspond¬ 
ing schematic drawing (Fig. 5.26). 
Here, the AVN and AVN artery are 
presented in more detail. The AVN 
area is inspected from the right 
superior view, and the right atrium 
has been removed. The attachment 
of the septal leaflet is positioned 
inferiorly, the noncoronary sinus is 
positioned anteriorly, and the AVN 
is in the space between the attach¬ 
ment of the septal valve and the 
inferior border of the interatrial 
septum, a space known as Koch’s 
triangle. The AVN artery has also 
been exposed and is seen running 
superior to the septal valve (Fig. 5.26), 
Note that the bundle of His lies in 
the space between the noncoro¬ 
nary sinus and the anterolateral 
commissure of the tricuspid valve 
(Fig. 5.26). 

The exposed morphological situ¬ 
ation can perhaps also clarify the 
often-observed AVN block experi¬ 
enced with large aneurysms of the 
noncoronary sinuses. The noncoro¬ 
nary sinus, as presented, is placed 
anterior to Koch’s triangle (Figs. 5.25 
and 5.26); expansion of the aneu¬ 
rysm can directly compress the 
AVN. 
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5.1.4 Apposition of the Aortic Leaflets 



Fig. 5.27. Apposition of the right and nonco¬ 
ronary leaflets 



Fig. 5.28. Apposition of the right and nonco¬ 
ronary leaflets, schematic drawing 



Fig. 5.29. Nodulus Aranti I 


Fig. 5.30. Nodulus Aranti II 


The aortic leaflets of the noncoro¬ 
nary sinus and of the right coro¬ 
nary sinus are shown in Fig. 5.27 
and the corresponding drawing 
(Fig. 5.28). The demonstrated aortic 
root has been dissected in the ante¬ 
roposterior plane, the dissection 
plane running through the middle 
of the noncoronary sinus and the 
anterior intervalvular triangle. This 
specimen is seen from the left lat¬ 
eral view. The right coronary sinus, 
with its leaflet, is thus exposed in 
the frontal direction; note that the 
ostium of the right coronary artery 
is positioned centrally. The nonco¬ 
ronary sinus is viewed laterally, 
allowing visualization of the whole 
structure of the coronary sinus. 

The structure of the leaflets is seen 
in both frontal and lateral aspects. 

Note that the aortic leaflet has two 
structural parts (Fig. 5.27; the draw¬ 
ing in Fig. 5.28 is intended for ori¬ 
entation). The anterior leaflet of the 
mitral valve is seen inferior to the 
noncoronary sinus. This is marked 
in orange, as are the walls of the 
sinuses, in Fig. 5.28; the superior 
third of the leaflet is yellow, the 
border between the superior and 
inferior parts of the leaflets is 
marked with a dashed line, and 
the left ventricular musculature underneath the right 
coronary sinus is marked in brown. 

The basal, denser part of the leaflet represents the 
inferior two-thirds of the leaflet length, as seen on the 
dry-dissected specimen (Fig. 5.27). The less dense, supe¬ 
rior third of the leaflet is also termed the lunula and is 
responsible for the coaptation of the leaflets (see Fig. 5.28). 
The morphology of the lunula is highly variable; how¬ 
ever, in all variants the area of the lunula is commonly 
reinforced by a nodule found in the middle of this loose 
area. This nodule is termed the nodulus Aranti, and was 
first described by Arantius in the 16 th century. 

Developmental abnormalities of the lunula are com¬ 
mon, fenestrations being the most common morpholog¬ 
ical deviations. These often occur in the area of the 
commissure; however, large extended fenestrations may 


also be present in the inferior part of the leaflet. These 
may result in inadequate coaptation of the leaflets dur¬ 
ing diastole and may result regurgitation. 

In Fig. 5.29, the noncoronary sinus is inspected in 
the frontal direction. Note that the nodulus Aranti is 
represented here as a triangular shape. However, the 
node has four surfaces, one of which serves as attach¬ 
ment to the lunula, two serve as contact surfaces for 
the neighboring leaflets (these are also called ventricu¬ 
lar surfaces), and the fourth is superior and is directed 
toward the ascending aorta (Fig. 5.29). In some cases 
these nodules may be absent, but this does not reduce 
the congruence of the leaflets. Real nodular apposition 
of the nodulus Aranti was identified in our series 
(Fig. 5.30). 
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Fig. 5.31. Left half of the left coronary sinus 


5.1.5 Histology of the Aortic Valve 

We will now focus on the submacroscopic structures of 
the aortic root, for which purpose microscopical speci¬ 
mens of the aortic root were prepared. The cellular struc¬ 
ture of the leaflets and of the sinus wall was not evaluated; 
however, the transition areas between the different com¬ 
ponents of the aortic root will be discussed in more de¬ 
tails (hence the use of the microscope). Histological sec¬ 
tions were prepared in a standard manner from roots that 
had been preserved, embedded in paraffin, and finally 
sectioned vertically. All three sinuses of the aortic root 
will be discussed systematically. A schematic representa¬ 
tion of each of the microscope specimens has been pro¬ 
vided to enable a better understanding of the presented 
cases. 

We will first discuss the left coronary sinus. The 
majority of the left coronary sinus is positioned over 
the left ventricle, and this is the part that will be dis¬ 
cussed here; however, it should be noted that the medial 
segment of the sinus lies over the anterior leaflet of 



Fig. 5.32. Left half of the left coronary sinus, schematic drawing 


the mitral valve. A vertical section of the segment of the 
left coronary sinus that lies over the left ostial process is 
presented in Fig. 5.31 and its corresponding drawing 
(Fig. 5.32), where it is seen in profile. This specimen has 
been stained with Resorcin-Fuchsin combined with 
hematoxylin and eosin, using a special technique de¬ 
signed to show the connective tissue fibers. Note that 
sinus is clearly attached to the left ventricular muscle, 
the latter being colored in orange (Figs. 5.31 and 5.32). 
The wall of the sinus is colored red. 

The sinotubular junction is seen as a small bulging 
into the sinus lumen. A condensation of connective tis¬ 
sue is seen at the attachment of the sinus wall to the left 
ventricular muscle. The attachment of the leaflets may 
also be observed (Figs. 5.31 and 5.32). Regarding the 
structure of the sinus wall, one can see that it contains 
many cellular elements; further investigation identified 
these cells as smooth muscle cells. Muscles are marked 
in bright red and the connective tissue is marked in 
deep red. A sharp transition between the smooth mus¬ 
cle cells and connective tissue may be observed close to 
the attachment to the left ventricular part. The border 
between these two sinus wall components is found 
between the inferior and middle thirds of the sinus wall. 
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Fig. 5 .33. Right half of the left coronary sinus 



Fig. 5.34. Right half of the left coronary sinus, schematic drawing 


The fibrous inferior third of the sinus provides the at¬ 
tachment of the sinus to the ventricular wall and acts as 
a type of anchor for the aortic leaflet. As we approach 
the attachment of the leaflet, the thickness of the sinus 
wall reduces. Note that the great cardiac vein is placed 
in front of the ventricular wall, inferior to the left coro¬ 
nary arteries. The cross-section of the left coronary 
artery shows the circumflex branch (Cx) running in 
front of the sinus wall. In addition, the cross-section of 
the anterior interventricular branch is exposed in this 
specimen, being located inferior to the Cx. 

A lateral view of the left coronary sinus, which is 
positioned over the anterior leaflet of the mitral valve, is 
presented in Figs. 5.33 and 5.34. The sinus wall appears 
to have the same components as described previously. 
The origin of the left coronary artery is seen in its axial 
direction. The leaflet is attached to the fibrous tissue at 
the inferior part of the coronary sinus wall. From this 
point down, the sinus wall continues directly into the 


anterior leaflet of the mitral valve. Note that the infe¬ 
rior part of the coronary sinus wall is also conjoined to 
the left atrial musculature. The atrial musculature is 
positioned in front of the sinus wall and is also at¬ 
tached to the area where the sinus wall meets the aortic 
leaflet (Figs. 5.33 and 5.34). The muscular fibers first 
conjoin with the sinus wall at the level of the leaflet 
attachment. Of particular note is that the atrial muscu¬ 
lature does not stop at the level of the mitral valve at¬ 
tachment, rather it continues into its tissue and in this 
way gives substance to the atrial surface of the anterior 
mitral valve. The same situation occurs in the poste¬ 
rior leaflet. The muscle fibers in the superior segment 
of the mitral valve originate from the atrial muscula¬ 
ture. The role of the musculature in the mitral valve 
(also known as the aortomitral unit) will be discussed 
in Chap. 6. 
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Fig. 5 .35. Transition between the mitral valve and the left 
coronary sinus 


The transition between the aorta and the mitral valve 
will now be discussed in detail. A magnified view of 
the transition between the sinus walls, the aortic leaf¬ 
let, the left atrium, and the mitral valve is shown in 
Figs. 5.35 and 5.36. The connective tissue is mostly in 
the form of collagen fibers on the aortic side of the 
mitral valve. This tissue is a direct continuation of the 
collagen fibers of the left coronary sinus wall. This 
extension of the collagen is clearly demonstrated in 
Fig. 5.35. 

The ventricular part of the aortic leaflet is covered 
with a thick layer of elastic fibers, which are themselves 
covered with endothelium. This is seen as a loose tissue 
just beneath the endothelium (Fig. 5.35). This relatively 
thick layer continues directly into the ventricular layer 
of the mitral valve, which is shown here as a relatively 
thin elastic tissue component. The muscles arising from 
the left atrium are positioned over the collagen layer of 
the mitral valve and are found only in the superior part 
of the leaflet. The atrial surface of the anterior leaflet of 
the mitral valve is a direct continuation of the atrial tis¬ 
sue (Figs. 5.35 and 5.36). The core of the mitral valve is 
collagenous tissue, which is conjoined to the collagen in 
the sinus wall of the aortic root. 



Fig. 5 .36. Transition between the mitral valve and the left cor¬ 
onary sinus, schematic drawing 


We will now discuss the noncoronary sinus (Figs. 5.37 
and 5.38). The noncoronary sinus has three segments, 
which may be interesting from the morphological per¬ 
spective. The left part is positioned over the mitral valve 
and exhibits a similar structure to the left coronary 
sinus; the segment over the right ventricle also has the 
same morphology as the right coronary sinus, and this 
will be demonstrated later on. The middle part of the 
coronary sinus, which is apposed to the membranous 
septum, will be discussed here. 

The lateral view of the specimen demonstrates the 
noncoronary sinus and its transition into the membra¬ 
nous septum of the interventricular wall. The wall of 
the coronary sinus has already been discussed. Note 
that the sinotubular junction is not as prominent as in 
Fig. 5 .33, and that the transition between the muscular 
and fibrous part is also positioned in the inferior third 
of the sinus wall. The aortic leaflet is attached at the 
base of the sinus wall. From here on, the membranous 
septum takes its origin and is anchored between the 
muscular septum and the noncoronary sinus (Figs. 5.37 
and 5.38). The core substance of the membranous sep¬ 
tum is collagen tissue, which is directly conjoined to the 
fibrous tissue of the coronary sinus wall. On the ventric¬ 
ular side, loose connective tissue covers the septum, 
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which continues directly into the 
aortic valve. The atrial surface of 
the membranous septum is covered 
with a thin muscular layer; this 
musculature is a direct continua¬ 
tion of the right atrial muscle. Note 
that the right atrium conjoins with 
the noncoronary sinus wall at the 
inferior third of sinus wall, and as 
such creates the superficial layer of 
the sinus wall. 

Note the very close relationship 
between the leaflet and the septum. 
This morphological situation is of 
great importance in the surgical 
treatment of septal defects, espe¬ 
cially perimembranous defects. 
Highly developed septum defects 
may impair the attachment of the 
aortic leaflet, resulting in insuffi¬ 
ciency of that leaflet. The transition 
between the AVN and the left main 
branch is also indicated in the pre¬ 
sented case; however, this will be 
discussed in the following speci¬ 
men (Fig. 5.38). 

The transition between the bun¬ 
dle of His and the left main branch 
of the conducting system is pre¬ 
sented in Figs. 5.38 and 5.39. The 
transition between the two struc¬ 
tures is positioned beneath the 
membranous part of the septum at 
the edge of the muscular septum. 
Note that the left main branch runs 
under the endothelium, superfi¬ 
cially on the left ventricular muscu¬ 
lature. The AVN artery is placed 
between the AVN and the muscula¬ 
ture. The venous plexus surround¬ 
ing the AVN provides the venous 
drainage in this area. It is thought 
that these veins are not directly 
connected to the coronary sinus, 
but that they drain directly into the 
cavity of the right atrium. 


Fig. 5.38. Relationship between the noncoro¬ 
nary sinus, bundle of His, and the atrioven¬ 
tricular node 
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Fig. 5.37. Relationship between the noncoronary sinus and the membranous septum 
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The majority of the right coronary sinus is positioned 
over the right ventricular wall. The lateral view is pre¬ 
sented in Figs. 5.40 and 5.41. The sinus wall structure is 
the same as mentioned in the case of the noncoronary 
and left coronary sinuses. The right coronary sinus wall 
is located just behind the posterior wall of the infundib¬ 
ulum, as seen in Fig. 5.40. The infundibular musculature 
lies circumferentially and is perpendicular to the axis of 
the aortic root. The musculature of the right ventricle 
may be traced inferiorly, to the attachment of the aortic 
leaflet, and is in some instances attached directly to the 
inferior part of the sinus wall (see Figs. 5.40 and 5.41). 

On reaching the attachment of the aortic leaflet to the 
sinus wall, the right ventricular musculature joins the 
muscle fibers belonging to the left ventricle, traveling in 
a circular direction. From this point, both muscles rep¬ 
resent the interventricular septum. The border between 
the left and right ventricular muscle fibers is marked by 
a discrete fibrous layer. In Figs. 5.40 and 5.41, the fibrous 
structures are stained red. Note that the aortic leaflet 
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Fig. 5 .39. Relationship between the noncoronary sinus, bundle of 
His, and the atrioventricular node, schematic drawing 
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Fig. 5.40. Right coronary sinus and pulmonary trunk 


Fig. 5.41. Right coronary sinus and pulmonary trunk, 
schematic drawing 
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attachment is wider compared with those shown in 
Figs. 5.31,5.33, and 5.37. It seems that not only the sinus 
wall, but also the left ventricular wall plays an impor¬ 
tant role in the attachment of the right coronary leaflet. 
The physiological role of this morphological situation is 
not known. 

Note the slim layer of connective tissue between the 
aortic root and the infundibulum. This morphological 
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5.2 Surgical Anatomy of the Aortic Valve 

5.2.1 Median Sternotomy for Aortic Valve Exposure 




The median sternotomy is the standardized approach 
for exposing the aortic valve. The details of this tech¬ 
nique are described in Chap. 2. After the sternum is 


Left brachiocephalic vein Thymic vein Pericardium 

Fig. 5.42. Anterior sheath of the pericardium, as seen following median sternotomy 
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Fig. 5.43. Incision of the pericardium 


retracted and the presternal fat tissue is dissected away, 
the anterior sheath of the pericardium is brought into 
the sight. Note that the retrosternal fat tissue corre¬ 
sponds to the remnant of the thy¬ 
mus. After removal of this fat tissue 
and dissection of the thymic vein 
between two ligatures, the anterior 
part of the pericardium is exposed. 
Note that at this stage the brachio¬ 
cephalic vein must be identified 
(see Fig. 5.42). 

The pericardial incision begins 
just inferior to the brachiocephalic 
vein. In the superior part of the pe¬ 
ricardium, the incision runs be¬ 
tween the pulmonary artery and 
the aortic root. Inferiorly, the peri¬ 
cardial incision is extended to a 
point two finger-breaths over the 
diaphragm. From here on, the inci¬ 
sion is extended on the right to¬ 
ward the inferior vena cava and on 
the left toward the left apex (see 
Fig. 5.43). After the pericardium is 
incised, the anterior surface of the 
heart is exposed, as presented on 
Fig. 5.44. The edges of the pericar¬ 
dium are fixed with pericardial 
stitches to the sternal spreader. As 
shown, with a median sternotomy 
it is possible to expose the entire 
aortic root, the ascending aorta, 
and the aortic arch. In this case, all 
three structures have been dissect¬ 
ed away from the connective tissue. 
The aortic root is located behind 
the right lateral wall of the infun¬ 
dibulum. The right surface of the 
aortic root is lateral to the superior 
vena cava, as seen in Fig. 5.44. It is 
very important to realize that the 
aortic root and the superior vena 
cava are not in the same plane. The 
vein is superficial relative to the 
aortic root. To facilitate the expo¬ 
sure of the whole aortic root and 
the ascending aorta, the connective 
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tissue surrounding the aorta has to 
be dissected. This is especially true 
for releasing the ascending aorta 
and the root away from the pulmo¬ 
nary artery and superior vena cava. 
Thus, the incision of the aorta may 
be performed without risk of dam¬ 
aging the surrounding structures 
(Fig. 5.44). 


To expose the aortic leaflet, an in- 
versed “S”-shaped incision is per¬ 
formed (Fig. 5.45). The incision is 
initiated at the left lateral surface of 
the ascending aorta, approximately 
two finger-breadths above the su¬ 
perior edge of the sinotubular junc¬ 
tion. From this point on, the inci¬ 
sion is extended in an angled line 
toward the anterior surface of the 
aorta. On reaching the plane posi¬ 
tioned approximately one breath 
over the sinotubular junction, the 
incision is turned in an almost hor¬ 
izontal direction. The horizontal 
part of the incision lies over the 
right part of the left coronary sinus 
and the right coronary sinus. On 
reaching the anterior segment of 
the right coronary sinus, the inci¬ 
sion turns downward toward the 
middle point of the noncoronary 
sinus. The incision ends at the base 
of the noncoronary sinus, thus ex¬ 
posing the entire aortic leaflet. The 
highly placed incision over the left 
coronary sinus is performed be¬ 
cause of the frequently highly posi¬ 
tioned ostium of the left coronary 
artery; a deeply positioned incision 
of the aorta may damage highly po¬ 
sitioned left coronary artery. 
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Fig. 5.44. Exposure of the superior mediastinum, with the aortic root and ascending aorta 
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Fig. 5.45. Opening incision of the aortic root, schematic drawing 
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Fig. 5.47. Superior view of the aortic valve 
leaflets, schematic drawing 
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Fig. 5.48. Identification of the left and right coronary ostia 


To expose the aortic valve, holding 
sutures are placed in each commis¬ 
sure (Fig. 5.46). In this way, the en¬ 
tire aortic root is pulled vertically, 
facilitating the exposure of all three 
leaflets. In the presented superior 
view (Fig. 5.46), the aortic leaflets 
are closed, as during diastole. In 
this view, the right coronary sinus 
(RCS) is located superiorly, the left 
coronary sinus (LCS) is on the left 
side, and the noncoronary sinus 
(NCS) on the right. Note that the 
incision ends at the bottom of the 
noncoronary sinus. In most cases, 
the left coronary artery originates 
from the middle part of the left 
coronary sinus; the right coronary 
artery may rather be found in the 
right part of the right coronary si¬ 
nus. Details of the origins of the 
coronary arteries are discussed in 
Chap. 4. It is not only the positions 
of the coronary arteries that affect 
the positioning of the aorta inci¬ 
sion, it is also essential to be in¬ 
formed regarding variants in this 
positioning, for example for cannu- 
lation of these arteries in order to 
deliver anterograde cardioplegia. 
From the perspective of the sur¬ 
geon, who is positioned to the right 
of the patient, the right coronary 
sinus is found on the right relative 
to the surgeon. Note that the auri¬ 
cle of the right atrium can be seen 
lateral to the right coronary sinus. 
The right coronary artery may be 
seen coursing inferior to the right 
atrium and the right coronary si¬ 
nus (Fig. 5.47); the left coronary si¬ 
nus is placed in front of the sur¬ 
geon and the noncoronary sinus is 
on the left in this view. 

In the presented specimens, car¬ 
dioplegia cannulas were inserted in 
to the left and right coronary ostia 
to identify the positions of the cor¬ 
onary arteries (Fig. 5.48). Note that 
the superior vena cava is behind 
the ascending aorta, the right atri- 
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um is in the inferior part of the pic¬ 
ture, and the infundibulum of the 
right ventricle encircles the left side 
of the right coronary sinus and the 
right part of the left coronary si¬ 
nuses. 

The right coronary artery ostium 
has been exposed in Fig. 5.49 and 
its corresponding drawing (Fig. 
5.50), wherein the right coronary 
sinus is inspected from the left lat¬ 
eral side. The superior edge of the 
right sinus was elevated with the 
aid of a special lung grasper. How¬ 
ever, this maneuver is not sufficient 
to expose the opening of the right 
coronary artery, because due to the 
right tilt angle of the aortic root, 
the right coronary sinus is posi¬ 
tioned relatively higher than the 
left coronary sinus. In addition, the 
ostium of the right coronary artery 
has an inferior orientation. To 
expose the entire ostium, traction 
stitches are placed on the inferior 
edge of the opening (Fig. 5.49). In 
this way it is possible to expose the 
entire right coronary ostium. In the 
presented case, the right coronary 
artery has a double ostium. The 
ostium of the conus branch is to 
the left of the main opening 
(Figs. 5.49 and 5.50). 
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Fig. 5.50. Double orifice of the right coronary artery, schematic drawing 
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Fig. 5.51. High orifice of the left coronary sinus 
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A right lateral view should be used 
to inspect the left coronary artery 
ostium. The exposed ostium of the 
left coronary artery is seen in 
Figs. 5.51 and 5.52. Exposure of the 
left coronary artery is sometimes 
easier if two morphological facts 
are taken into account. Due to the 
tilt angle of the aortic root, the left 
coronary sinus is placed on the 
convex side of the aortic root and 
the ostium very often has a supe¬ 
rior orientation. This anatomical 
situation helps the surgeon to 
inspect the opening without per¬ 
forming special exposure maneu¬ 
vers. In the presented case, the spe¬ 
cial lung grasper was placed at the 
superior edge of the coronary sinus 
to expose the ostium. Note the very 
sharp incisure at the inferior bor¬ 
der of the ostium. This morpholog¬ 
ical feature suggests a very sharp 
downward course of the main stem 
of the left coronary artery 
(Figs. 4.51 and 4.52). 


Fig. 5.52. High orifice of the left coronary 
sinus, schematic drawing 
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5.2.2 "J" Sternotomy for Aortic Valve Exposure 

The “ J” sternal incision is an alternative to total sternal 
splitting. It is a minimally invasive surgical approach 
and as such, is indicated in the majority of cases for 
esthetic reasons. This incision opens the sternum be¬ 
tween the second and fourth intercostal spaces, thus 
exposing the superior mediastinum. However, the level 
superior to the left brachiocephalic vein is not exposed. 


Fig. 5.53. Anterior pericardial sheath as exposed following “J” ster¬ 
notomy 
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The skin incision and the sterno¬ 
tomy are described in detail in 
Chap. 2. The retrosternal fatty tis¬ 
sue is dissected away and the ante¬ 
rior sheath of the pericardium is 
reached (Fig. 5.53). Using this expo¬ 
sure, the left brachiocephalic vein 
cannot be seen because in normal 
cases the vein is found at the level 
of the first rib. Thus, during dissec¬ 
tion of the prepericardial fat, only 
the remnants of the thymic veins 
may be found. From the morpho¬ 
logical standpoint, these veins can¬ 
not be traced up to the brachioce¬ 
phalic vein. After the pericardium 
is exposed, the position of the as¬ 
cending aorta may be clearly iden¬ 
tified (Fig. 5.53). 

Fig. 5.54. Incision of the pericardium 
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The pericardial incision is made over the ascending aorta 
and must be positioned slightly to the left of the aorta, 
almost over the sulcus between the aorta and the pulmo¬ 
nary trunk. This is demonstrated on the schematic draw¬ 
ing in Fig. 5.54. The incision is extended over the infun¬ 
dibulum, crossing the interventricular septum, and ends 
over the upper part of the border between the left ventri¬ 
cle and the infundibulum. From this end point, the inci¬ 
sion is extended to the right and to the left side. The ex¬ 
posed ascending aorta is presented in Fig. 5.55. 


Fig. 5 .55. Exposed ascending aorta, as seen following “J” sternotomy 
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Superior vena cava Sinoatrial node Right auricle 


Fig. 5.56. Opening incision of the aortic root, schematic drawing 
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Fig. 5.57. Exposure of the superior vena cava by retraction of the ascending aorta 


Note that with this limited approach, not only is the 
ascending aorta is exposed, but also the pulmonary 
trunk and the infundibulum. The right auricle can be 
seen inferior and to the right of the ascending aorta. 
The infundibulum initially covers the aortic root 


from anterior; due to the left and 
superior axis, it may finally may be 
located to the left of the ascending 
aorta (Fig. 5.55). Note that by using 
this approach, the surgeon can also 
establish a cardiopulmonary by¬ 
pass by central cannulation. The 
right auricle is exposed for the ve¬ 
nous line, and the ascending aorta 
may be used for the aortic line. 

The superior vena cava may be 
also exposed by retracting the 
ascending aorta on the left lateral 
side, as presented in Fig. 5.56, thus 
enabling bicaval venous cannula¬ 
tion. In the presented exposure, the 
superior vena cava is positioned to 
the right of the ascending aorta. 
The aorta has been dissected away 
from its surrounding tissue and 
mobilized away from the anterior 
walls of the left and right atria. The 
mobilized aorta may be pulled to 
the left, thus revealing the entire 
course of the superior vena cava. 

The aortic incision is performed 
as described previously, and is 
demonstrated on the schematic 
drawing in Fig. 5.57. The “S”- 
shaped incision is initiated over the 
left coronary sinus. The aorta is 
incised approximately two finger- 
breaths over the sinotubular junc¬ 
tion at the left lateral surface of the 
aorta. On reaching the anterior sur¬ 
face of the aorta, the incision takes 
a horizontal direction. This hori¬ 
zontal part of the incision lies over 
the left and right coronary sinuses. 
On reaching the right convex sur¬ 
face of the aorta, the incision turns 
into the descending part. The di¬ 
rection of this descending part of 
the incision is toward the deepest 
point of the noncoronary sinus 
(Fig. 5.57). 
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The opened aorta is viewed from 
the superior aspect in Fig. 5.58 and 
the corresponding schematic draw¬ 
ing (Fig. 5.59). Three holding stitches 
are placed in the three commis¬ 
sures to expose the entire circum¬ 
ference of the aortic root. The right 
coronary sinus (RCS) is in front of 
the surgeon, and the left coronary 
sinus (LCS) is to the anterior and 
left. The noncoronary sinus (NCS) 
is on the right-hand side of the sur¬ 
geon (Figs. 5.58 and 5.59). The leaf¬ 
lets are in a closed position, as in the 
diastolic phase of the cardiac cycle. 
Note the smooth coaptation of the 
lunula; this ensures almost perfect 
closure of the leaflet. 



Fig. 5.58. Superior view of the aortic valve leaflets 


Right ventricle 


Pulmonary trunk 


Aorta 



Fig. 5.59. Superior view of the aortic valve 
leaflets, schematic drawing 


Right atrium 
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Left brachiocephalic vein Superior vena cava Thymic vein Pericardium 

Fig. 5.60. Anterior sheath of the pericardium as exposed following “j” sternotomy 


Pulmonary trunk Right ventricle 



Brachiocephalic vein Aorta 

Fig. 5.61. Incision of the pericardium 


5.2.3 "j" Sternotomy for 
Aortic Valve Exposure 

The minimally invasive “j” sterno¬ 
tomy is performed form the jugu- 
lum to the fourth intercostal space. 
By using this technique, not only is 
the ascending aorta exposed, as we 
saw in the case of the “J” sterno¬ 
tomy, but also the whole initial and 
middle parts of the aortic arch. 

This technique is described in de¬ 
tail Chap. 2. 

After completion of the skin inci¬ 
sion and sternotomy, a minimally 
invasive sternal spreader is inserted 
into the chest wall. The retrosternal 
fat tissue is dissected down to the 
anterior sheath of the pericardium 
(Fig. 5.60). The thymic veins are 
identified and traced up to their 
connection to the left brachioce¬ 
phalic vein. In some cases, more 
than one vein may be identified, as 
there may also be two or three thy¬ 
mic veins performing venous drain¬ 
age of the thymus rest. In the ma¬ 
jority of cases, these veins are of 
the same caliber. However, the 
opening of the thymic veins into 
the brachiocephalic vein usually 
presents as one common main 
branch (Fig. 5.60). In the presented 
case, even in the closed pericardi¬ 
um the aorta appears as a large an¬ 
terior bulging. This finding is typi¬ 
cal for aneurysm of the ascending 
aorta. 

In order to expose the distal seg¬ 
ment of ascending aorta (usual ma¬ 
neuver in ascending aorta replace¬ 
ment) branching of the brachioce¬ 
phalic trunk and the left common 
carotid artery, must be mobilized 
from the surrounding tissue. This 
may be completed by stump dissec¬ 
tion of the connective tissue behind 
the brachiocephalic vein. Following 
that, the vein may be lifted away 
from the aortic arch using two 
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tourniquets placed at the lateral 
edges of the mediastinal opening. 
The pericardial incision is initiated 
in the midline at the inferior edge 
of the exposed operating field, 
approximately one finger-breadth 
over the inferior edge of the ster¬ 
num (Fig 5.61). The cut opening is 
extended over the ascending aorta 
and is terminated at the level of the 
pericardial invagination. This area 
is also called the arterial mesocar- 
dium and corresponds to the turn 
of area of the parietal and visceral 
pericardial layers. The pericardial 
edges are fixed to the sternum 
spreader with the aid of holding 
stitches. The fibrous layer of the 
pericardium is connected to the 
external coats of the great vessels. 
This fibrous anchoring of the peri¬ 
cardium must be dissected away in 
order to identify the great vessel 
originating from the aortic arch. 
This is performed by stump prepa¬ 
ration of the connective tissue. The 
ascending aorta and the aortic arch 
are thus exposed (Fig 5.62). In the 
presented case, the ascending aorta 
is a large vessel that fills the entire 
superior mediastinum (Fig. 5.62). 
The brachiocephalic trunk is iden¬ 
tified as the first branch of the aor¬ 
tic arch. Note that the right auricle 
is in the inferior right position in 
the exposed field. The infundibu¬ 
lum is to the left and posterior rela¬ 
tive to the ascending aorta. 

In this minimally invasive expo¬ 
sure, an alternative way of left-ven¬ 
tricular venting may be performed: 
a multihole (8-10 F) soft-tipped 
catheter may be inserted through 
the anterior wall of the left atrium, 
into the left atrium, and then into 
the left ventricle. The anterior wall 
of the left atrium thus must be 
exposed. This is achieved by dissec¬ 
tion of the transverse pericardial 
sinus (Fig. 5.63). The transverse 
pericardial sinus is located behind 



Pulmonary trunk 


Left brachiocephalic vein Brachiocephalic trunk Ascending aorta Right atrium 

Fig. 5.62. Large aneurysm of the ascending aorta, as seen following “j” sternotomy 
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Fig. 5.63. Dissection of the transverse sinus with 
mobilization of the ascending aorta 
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Ascending aorta Left auricle Anterior wall of the left atrium 



Right pulmonary artery Anterior wall of the right atrium Right auricle 

Fig. 5.64. Exposure of the anterior wall of the right and left atria. The border is indicated by a 
dashed line 
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Right pulmonary artery Right atrium 


the ascending aorta and the pulmo¬ 
nary artery; the anterior walls of 
the left and right atria are located 
behind the sinus. The anterior wall 
of the left atrium is exposed by dis¬ 
secting the ascending aorta away 
from the surrounding tissue. This 
is done by dissection between the 
aorta and the pulmonary vein and 
vena cava superior, toward the an¬ 
terior wall of the left atria. The pos¬ 
terior wall of the aorta is usually 
separated from the atria by the se¬ 
rous double layer of connective tis¬ 
sue. To open up the space behind 
the aorta, the surgeon must dissect 
very carefully the adhesions be¬ 
tween the mentioned structures 
(Fig. 5.63) The ascending aorta is 
then lifted away by placing two 
tourniquets around the ascending 
aorta, one at the level of the sinotu- 
bular junction and one at the level 
of the transition between the as¬ 
cending aorta and aortic arch, ex¬ 
posing the left and right atria 
(Figs. 5.63 and 5.64). The roof of the 
sinus is made by the right pulmo¬ 
nary artery, which runs toward the 
right lung. The level of the left pul¬ 
monary artery corresponds to the 
roof of the left and right atria. 

Before beginning the drainage of 
the left atrium, the left and the 
right atrial roof must be identified. 
Both are positioned inferior to the 
right pulmonary artery (Figs. 5.64 
and 5.65). 


Fig. 5.65. Stab incision of the left atrium. 
The border between the left and right atria 
is indicated by a dashed line 





































5.2 Surgical Anatomy of the Aortic Valve 279 


The anterior walls of both atria are 
positioned behind the aorta and 
are separated by the interatrial sul¬ 
cus, which is found just behind the 
noncoronary sinus (Figs. 5.67, indi¬ 
cated by dashed line). In most 
cases, this structure indicates the 
geometric middle of the noncoro¬ 
nary sinus. However, in the case of 
the left- or right-rotated aortic 
root, the sulcus is placed behind 
the left or right part of the nonco¬ 
ronary sinus, respectively. 

After the interatrial sulcus is an 
identified, one purse-string suture 
is placed at the anterior wall of the 
left atrium; some surgeons place 
two. This step is followed by a 1- to 
3-mm, full-thickness stab wound 
and subsequent insertion of the 
cannula under finger control (see 
Fig. 5.65, 5.66 and 5.67). The can¬ 
nula is inserted into the left atrium 
and protrudes through the opening 
of the mitral valve into the left ven¬ 
tricle. Proper cannula placement is 
critical and is confirmed by noting 
pulsatile pressure in the aortic line 
monitor and equivalent pressure in 
the radial artery. Once inserted, the 
cannula must be adequately 
secured in place. 

The incision of the ascending 
aorta is initiated at the left lateral 
edge of the ascending aorta over 
the left coronary sinus (Fig. 5.62 
and 5.63) , and must be positioned 
at least two finger-breadths over 
the sinotubular junction because of 
the potentially highly positioned 
left ostium. As mentioned previ¬ 
ously, the highly positioned left 
coronary artery may be damaged if 
the aortic incision is placed to 
deeply. Following the initial inci¬ 
sion, the cut is extended in a diver¬ 
gent direction, and on reaching the 
anterior surface of the ascending 
aorta, the incision is turned in the 
horizontal direction. On the right 
lateral surface, the incision is 
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Fig. 5.66. Insertion of the left ventricular vent 
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Fig. 5.67. Position of the left ventricular vent 
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Fig. 5.68. Superior view of aortic valve 


turned directly down to the middle 
of the noncoronary sinus, ulti¬ 
mately opening up the aorta. 

The aortic valve is viewed from 
the right superior view in Fig. 5.68 
and the corresponding drawing 
(Fig. 5.69). Holding stitches are 
placed at the three commissures in 
order to expose the aortic leaflet. 
The left and right coronary openings 
must be identified at this stage. The 
cardioplegia cannulas can then be 
placed into the left and right coro¬ 
nary arteries and the cardioplegia 
solution delivered continuously and 
anterogradely to the myocardium. 
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Fig. 5.69. Superior view of the view the aor¬ 
tic valve, schematic drawing 
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5.2.4 Inverse "T" Sternotomy for Aortic 
Valve Surgery 


The inverse “T” sternotomy is also 
a minimally invasive approach that 
exposes the superior mediastinum, 
and as such may be also useful for 
surgical exposure of the aortic 
valve. The details of this technique 
are described in Chap. 2. Note that 
the skin is incised over the superior 
two-thirds of the sternum, and is 
therefore also acceptable from the 
esthetic point of view. The sterno¬ 
tomy is performed between the 
jugulum and the fourth sternocos¬ 
tal area. From here on, the sterno¬ 
tomy is performed in an oblique 
manner toward the fourth intercos¬ 
tal spaces on the left and the right 
sides. 

After the sternum is split and the 
retrosternal space exposed, the thy¬ 
mic vein must be found. The case 
presented exhibits extensive retro¬ 
sternal fat-tissue condensation 
(Fig. 5.70). In such cases, the orien¬ 
tation and identification of the left 
brachiocephalic vein may be very 
difficult. It may be easier if the thy¬ 
mic veins are found and traced up 
to their opening into the brachioce¬ 
phalic vein. After the brachioce¬ 
phalic vein is secured, a deeper dis¬ 
section of the fat tissue may be per¬ 
formed in order to locate the ante¬ 
rior pericardial sheath. 

After exposure of the anterior 
pericardial sheath, the pericardial 
incision is performed in an inverse 
“T” fashion (as presented in Fig. 5.71 ) 
The edges of the incised pericar¬ 
dium are then lifted and fixed to 
the sternal spreader, exposing the 
anterior surface of the heart 
(Fig. 5.72). Note that the elongated 
ascending aorta fills almost the 
entire superior mediastinum. In 
such an elongated ascending aorta, 
the aortic root is normally located 
very deep behind the infundibulum 


Retrosternal fat tissue 


Fig. 5.70. Anterior 
sheath of the pericar¬ 
dium as exposed fol¬ 
lowing inverse “T” ster¬ 
notomy 
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Fig. 5.71. Pericardial incision 
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Fig. 5.72. Exposure of 
the superior mediasti¬ 
num as seen following 
inverse “T” sternotomy / 
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of the right ventricle. Prior to the 
incision of the ascending aorta, the 
aortic root must be exposed. This is 
achieved by dissecting the space 
between the infundibulum and the 
ascending aorta, as demonstrated 
in Fig. 5.73. In this case, the aortic 
root is inspected from the right 
superior view; the posterior wall of 
the infundibulum has been retract¬ 
ed. Note that the aortic root is in¬ 
deed positioned very deeply. 


Fig. 5.73. Exposure of the aortic root. The 
dashed line indicates the aortic root open¬ 
ing incision 
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The incision on the ascending aorta 
is made in an “S” shape (Fig. 5.73 
and 5.74), as described in detail 
earlier (see Sect. 5.2.1). 


Fig. 5.74. Incision of the aortic root 
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The exposed aortic valve is seen on 
Figs. 5.75 and 5.76. The suspension 
stitches in each commissure facili¬ 
tate exposure of the valve. In this 
projection, the right coronary sinus 
is positioned inferiorly, and the 
right auricle is located beneath and 
inferior to the right coronary sinus. 
In front of both structures, the 
right coronary artery runs hidden 
in the pericardial fat tissue. The left 
coronary sinus is anterior and the 
noncoronary sinus is in the left lat¬ 
eral position. 


Fig. 5 .75. Aortic valve leaflets as seen fol¬ 
lowing inverse “T” sternotomy 
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Fig. 5 .76. Aortic valve leaflets as seen fol¬ 
lowing inverse “T” sternotomy, schematic 
drawing 
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Ascending aorta 


Right atrium 
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5.2.5 Anterior Thoracotomy for Aortic Valve 
Exposure 

Up to now, we have described methods in which the 
aortic valve and ascending aorta are approached via a 
sternotomy. However, the anterior thoracotomy is a very 
good alternative to the median approach when per¬ 
forming a reoperation of the aortic root or ascending 
aorta. The superior mediastinum is in this case exposed 
via a right-sided anterior thoracotomy, which is per¬ 
formed in the fourth intercostal space. After the skin 
incision is completed and the intercostal muscles are 
split, the right thoracic cavity is exposed. The surgical 
technique required to achieve this exposure is described 
in detail in Chap. 2. An intercostal spreader is inserted 
and the superior lobe of the right lung is retracted away. 
In this way, the right lateral sheath of the pericardium 
laying over the right atrium and the lateral aspect of the 
right ventricle may be exposed. This situation is seen on 
Fig. 5 .77. With the consequent retraction of the right 
lung, the anterior part of the right hilus may also be 
exposed inferiorly. At first inspection, the large right 
atrium may be identified as it bulges out of the pericar¬ 
dium. The superior vena cava is found superior to the 
right atrium, and in normal cases also appears through 
the pericardial sheath. In the presented case, the fat tis¬ 
sue covers the area of the superior vena cava, and as 
such it cannot be identified as easily as the right atrium 


(Fig. 5.77). The course of the right phrenic nerve should 
be mentioned at this point; this nerve must be identified 
before carrying out the pericardial incision. The 
phrenic nerve initially runs over the right lateral surface 
of the superior vena cava and cannot be identified here 
because of fat-tissue condensation (Fig. 5.77). After the 
nerve leaves the area of the superior vena cava, it runs 
inferior to the right atrium. The pericardiacophrenic 
artery and vein, which accompany the nerve, must also 
be identified. The nerve runs straight toward to the 
right phrenicopericardial angle, which in the presented 
case is marked by an extensive accumulation of fat tis¬ 
sue (Fig. 5.77). 
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The pericardial incision is pre¬ 
formed horizontally over the right 
atrium, superior to the phrenic 
nerve, as demonstrated on the sche¬ 
matic drawing in Fig. 5.78. The inci¬ 
sion is initiated at the transition 
between the superior vena cava and 
the right atrium. The cut is extend¬ 
ed toward the inferior edge of the 
right atrium and is terminated just 
over the transition between the 
right atrium and the inferior vena 
cava. From this point on, the open¬ 
ing incision is slightly extended su¬ 
periorly, finishing over the right 
musculature. The edges of the peri¬ 
cardium are retracted. 


Fig. 5.78. Pericardial incision 
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The ascending aorta and the begin¬ 
ning of the aortic arch appear in 
the left upper part of the exposed 
area (Fig. 5.69). The pulmonary 
trunk may be identified superior to 
the aorta; the superior vena cava 
maybe found inferiorly, continuing 
into the right atrium (Fig. 5.79). 

The aortic root is located inferior 
to the infundibulum. 



Fig. 5.79. Right lateral aspect of the ascend¬ 
ing aorta 
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Ascending aorta 
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To expose the aortic root, the in¬ 
fundibulum and the right append¬ 
age must be retracted away from 
the aortic root; this may be achieved 
by stump preparation around the 
aortic root. When doing this, the 
surgeon must be aware and careful 
of damaging the right coronary ar¬ 
tery. The aortic root exposed in this 
manner is presented in Fig. 5.80, in 
which the right auricle and the in¬ 
fundibulum have been dissected 
away from the ascending aorta and 
the right aortic root. After the re¬ 
traction of the infundibulum and 
the right atrium, the aortic root is 
inspected from a superior view. 


Fig. 5.80. Exposure of the aortic root and 
the ascending aorta 
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The incision of the ascending aorta 
is performed as described earlier. 
From the morphological perspec¬ 
tive, it is possible perform the inci¬ 
sion of the aorta in a reversed <£ S” 
shape; however, it is perhaps more 
appropriate to perform the reverse 
“J”-shaped incision, whereby the 
horizontal part of the reverse “J” is 
initiated over the left coronary 
sinus. The incision is then extended 
from the left lateral wall of the as¬ 
cending aorta to its anterior sur¬ 
face. From here, the incision turns 
down in a diagonal manner, toward 
the noncoronary sinus (Fig. 5.81). 

Fig. 5.81. “J“-shaped opening incision of 
the aortic root 
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The aortic valve is then inspected 
from the right superior view. The 
holding sutures are placed to three 
commissures, as seen on the Fig. 5.82, 
in which the leaflets are presented in 
a closed position. The noncoronary 
sinus (NCS) is incised in its middle, 
with the incision almost reaching 
the deepest point of the sinus. Note 
that in this case, the entire length of 
the noncoronary sinus is apposed to 
the anterior wall of the right atrium. 
The aortic root is rotated to the right 
side, and the interatrial sulcus is be¬ 
hind the right part of the left coro¬ 
nary sinus. Consequently, the right 
coronary sinus (RCS) lies just be¬ 
hind the infundibulum. 



Fig. 5.82. Right lateral view of the aortic valve Right auricle 


Fig. 5.83. Right lateral view of the aortic 
valve, schematic drawing 
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General Anatomy of the Mitral Valve 


6.1 

6.1.1 Subvalvular Apparatus of the Mitral Valve 

The subvalvular unit of the mitral valve comprises the 
papillary muscles and the chordae tendineae. The mitral 
valve and the subvalvular apparatus are very important 
morphological and functional units, and as such are an 
integral part of the left ventricle. Both play an impor¬ 
tant role in left-ventricular geometry and systolic func¬ 
tion. The details of the functional interactions between 
the mitral valve, the subvalvular apparatus, and the 
function of the left ventricle are not understood in all 
details. However, it appears that the annulopapillary 
continuity is the most important factor in this relation¬ 
ship. In this chapter, we will discuss the anatomy of the 
subvalvular apparatus, and provide a detailed descrip¬ 
tion of the anatomy of the papillary muscles, chordae 
tendineae, and the mitral valve leaflets. 

The position of the papillary muscles and their rela¬ 
tionship to the left ventricular wall is shown in a cross 
section of the left ventricle in Fig. 6.1 , wherein the sec¬ 
tion plane is positioned at the border of the superior 
and the middle thirds of the left ventricular walls, and 
in the corresponding drawing in Fig. 6.2. The specimen 
is inspected from a superior view. For didactical rea¬ 
sons, we have divided the left ventricular musculature 
into three parts: the septal wall, the anterolateral wall, 
and the posterolateral wall. The borders between the 
three walls are indicated by the coronary arteries. The 


anterior interventricular branch runs between the left 
and right ventricles in the anterior descending groove. 
This groove may also be interpreted as the anterior edge 
of the interventricular septum muscular part, and indi¬ 
cates the meeting point of the anterolateral and septal 
left ventricular segments. Note that at this level the mus¬ 
cular septum also meets the anterior wall of the right 
ventricles (Figs. 6.1 and 6.2). The marginal branch is 
positioned at the left obtuse margin, marking the bor¬ 
der between the anterior and posterior walls. The pos¬ 
terior interventricular artery is positioned in the poste¬ 
rior interventricular sulcus, and represents the connec¬ 
tion between the muscular septum and the posterolat¬ 
eral wall. However, one should be aware that the afore¬ 
mentioned division of the left ventricle on the septal 
anterior and posterior walls is only acceptable from a 
morphological point of view. From a mechanical point 
of view, the left ventricular musculature is a single 
functional unit. 

From the superior view, note that the anterior papil¬ 
lary muscle is positioned at the junction of the anterola¬ 
teral and posterolateral walls of the left ventricle 
(Figs. 6.1 and 6.2). This corresponds to the left obtuse 
margin, which is identified by the left marginal artery. 

In this view, the posterior papillary muscle is found at 
the junction of the posterior and septal walls. This cor- 



Anterior papillary Posterior Inferior papillary Posterior papillary 

muscle papillary muscle muscle muscle 





6.1 General Anatomy of the Mitral Valve 291 


responds to the area of the poste¬ 
rior interventricular sulcus. The 
posterior descending branch may 
be also be found here (Figs. 6.1 and 
6.2). Note that both papillary mus¬ 
cles are positioned nearly parallel 
to the posterolateral wall of the left 
ventricle. The anterior aspects of 
both muscles indicate a virtual bor¬ 
der between the inflow and outflow 
tracts of the left ventricle. Note that 
the posterior papillary muscle of 
the right ventricle has also been 
brought into view. In this view, one 
can postulate that the muscle, which 
originates from the posterior part 
of the septomarginal trabecula, is 
clearly placed in the inflow tract of 
the right ventricle. 

The origin of the anterior papil¬ 
lary muscles is visible in the dry- 
dissected specimen in Fig. 6.3. The 
papillary muscles and the mitral 
valve are viewed from the anterior 
aspect. The ascending aorta and 
the pulmonary artery have been 
removed. In the pulmonary root, 
the sinus wall has been removed, 
leaving only the fibrous skeleton of 
the root. In addition, the left at¬ 
rium has been dissected at the level 
of the mitral valve attachment. 

To expose the origin of the ante¬ 
rior papillary muscle, the anterola¬ 
teral wall of the left ventricle has 
been dissected away. Note that the 
entire anterior segment of the ante¬ 
rolateral wall, which is conjoined 
with the muscular septum, has also 
been removed. The lateral segment 
has been dissected down to the area 
of the left margin. This segment has 
been left in situ in its inferior third 
in order to demonstrate the origin 
of the papillary muscles, which in 
most cases originate at the level of 
the inferior third of the anterolateral 
and posterolateral walls of the left 
ventricle (Fig. 6.3). Similarly, the 
posterolateral part of the left ventri¬ 
cle has been removed down to the 
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Fig. 6.2. Position of the papillary muscles, superior view, schematic drawing 
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Fig. 6.3. Origin of the anterior papillary muscles 
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Fig. 6.4. Left lateral view of the anterolateral commissure 
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Fig. 6.5. Right superior view of the anterolateral commissure 


origin of the posterior papillary 
muscle. The attachment area of the 
anterior papillary muscle is bright 
compared to the apex of the papil¬ 
lary muscle, which is wedge shaped. 
The attachment is positioned at the 
level of the inferior third of the left 
ventricular muscle. The chordae 
tendineae originate from the apex 
part, running toward the different 
parts of the mitral leaflets (anterior 
and posterior) equally. However, 
one should remember that the mus¬ 
cle may originate much deeper, as 
presented here, in some cases just 
near to the apex. 

The same specimen is inspected 
from the anterolateral view and at a 
higher magnification in Fig. 6.4, 
paying particular attention to the 
anterolateral commissures and their 
connections to the papillary muscle. 
The investigation plane is that of the 
mitral valve annulus (Fig. 6.4), 
which remains in situ. The chordae 
tendineae, which originate from the 
middle of the anterior papillary 
muscle, are directly connected to 
the commissure. The commissural 
curtain in this specimen is relatively 
thin, and the commissural zone is 
located behind the left fibrous tri¬ 
gone, at a distance ranging between 
5 and 13 mm. The chordae originat¬ 
ing from the anterior segment of the 
investigated papillary muscle are 
connected directly to the anterior 
leaflet, and those originating from 
the posterior part of the head are 
connected to the mural leaflet of the 
mitral valve (Fig. 6.4). This morpho¬ 
logical distribution is very impor¬ 
tant. The same may be postulated 
for the right superior view of the 
anterior commissure, which is pre¬ 
sented in Fig. 6.5. The left fibrous 
trigone, which is located in front of 
the anterior commissure, is seen 
herein as a small groove on the left 
lateral side of the mitral valve 
attachment. 
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The same specimen is rotated in a 
horizontal direction in Fig. 6.6, and 
the investigation level is at the 
mitral valve annulus, viewed from 
the right lateral side. Note that the 
posterior wall of the left ventricle 
has been removed to allow exami¬ 
nation of the posterior papillary 
muscle and its chordae tendineae. 
In this case, the papillary muscle 
has two heads and two attachment 
areas, which are also known as the 
base of the papillary muscle. The 
medial head of the papillary muscle 
is positioned near to the muscular 
septum. The posterior of the part 
papillary muscle is turned toward 
the ostium of the left ventricle. The 
medial segments of both heads 
gave rise to the chordae running 
toward the commissural zone. The 
anterior head also provides chor¬ 
dae to the anterior leaflet, and the 
posterior provides the chordae to 
the posterior leaflet. Note that the 
posterior commissure curtain is in 
this case not as wide as that of the 
anterior commissure Fig. 6.6. The 
anterior part of the commissure is 
very near to the annulus of the mi¬ 
tral valve. The commissure shown 
herein is also posterior to the right 
fibrous trigone; the distance be¬ 
tween the fibrous trigone and the 
commissure was estimated to be 
11 mm. In Fig. 6.7, the posterior 
commissure is viewed from the left 
superior aspect, allowing examina¬ 
tion of the relationship between the 
right commissure and the right fi¬ 
brous trigone. From this viewpoint, 
the position of the trigone is indi¬ 
cated by a flat incisure at the anteri¬ 
or part of the annulus of the mitral 
leaflet. This incisure is located 
frontal to the transition between 
the anterior leaflet and the com¬ 
missural zone (Fig. 6.7). 
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Fig. 6.7. Left superior view of the posterolateral commissure 
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Fig. 6.8. Position of the right fibrous trigone, posterior superior view 
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Fig. 6.9. Position of the right fibrous trigone, posterior superior view, schematic drawing 


A superior view of the left fibrous 
trigone is presented in Fig. 6.8 and 
on the corresponding drawing 
(Fig. 6.9). The heart is viewed from 
the posterior superior view. The 
aortic root wall has been removed, 
leaving only the intervalvular trian¬ 
gles and the leaflet attachment in 
situ. The pulmonary root has been 
given the same treatment. Further¬ 
more, the left and right atria have 
been removed at the level of their 
attachment to the right and left 
ventricles, respectively. The left and 
right fibrous trigone are part of a 
greater morphological structure 
called the subvalvular membrane, 
which will be discussed later in this 
chapter (Sect. 6.1.4). The right fi¬ 
brous trigone is positioned between 
the mitral valve ostium, the left 
ventricular opening, and the annu¬ 
lus of the noncoronary sinus (dashed 
triangle Fig. 6.8). It is triangular in 
shape and attaches via its right lat¬ 
eral side directly to the opening of 
the left ventricle. Its left lateral side 
is conjoined to the annulus of the 
anterior leaflet. The superior line of 
the triangle provides the attach¬ 
ment to the noncoronary sinus 
(Figs. 6.8 and 6.9). Note that the left 
segment of noncoronary sinus is at¬ 
tached only by the intermediation 
of the triangle to the left ventricle. 
Given the imposed forces during 
the cardiac cycle, it is not surpris¬ 
ing that this part of the subvalvular 
membrane exhibits a triangular¬ 
shaped thickening. Note that the 
atrioventricular node (AVN) is just 
distal to the right fibrous trigone. 
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In the dry-dissected specimen 
shown in Fig. 6.10 and the corre¬ 
sponding drawing (Fig. 6.11), we 
again show the posterior commis¬ 
sure and its relationship to the 
right fibrous trigone. The specimen 
is inspected from the right lateral 
view, and is viewed at the level of 
the mitral valve annulus. Note that 
the entire musculature of the left 
ventricle has been removed; only 
the septal part remains in situ. The 
papillary muscles have also been 
left, including their origin from the 
left ventricle. The muscular bridge 
has been left in place between this 
segment of the papillary muscles 
and the septal wall of the left ven¬ 
tricle (Fig. 6.11). The right fibrous 
trigone is seen from the right supe¬ 
rior view. On the schematic draw¬ 
ing, the trigone is marked in blue, 
and three arrows indicate all three 
sidelines of this structure (Fig. 6.11). 
The left posterior side is attached 
to the annulus of the anterior leaf¬ 
let of the mitral valve. The left ante¬ 
rior side is in contact with the non¬ 
coronary sinus, and the right later¬ 
al sideline is confluent with the 
subvalvular membrane. The latter 
is depicted as a orange structure 
encircling the mitral valve; the at¬ 
tachment of the left atrium is posi¬ 
tioned just superior to the mem¬ 
brane (pink). 

Note that the posterolateral com¬ 
missure is clearly posterior to the 
right fibrous trigone, the latter 
being located superior and to the 
right relative to the plane of the 
mitral valve annulus. The commis¬ 
sural scallop in this case is relatively 
wide compared with those shown in 
Figs. 6.4 and 6.6. Because of this 
widening of the posterior commis¬ 
sure, the transition between the 
anterior and posterior leaflets is not 
as clear as those in Figs. 6.4 and 6.6. 
These large commissural scallops 
should not be removed during 
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Fig. 6.12. Topography of the left fibrous trigone 


ment of the left ventricle (Fig. 6.13). 
The left ostial process is the muscu¬ 
lar part of the left ventricle between 
the left coronary sinus and the left 
lateral annulus of the mitral valve. 
The apex of this triangular struc¬ 
ture is positioned toward the poste¬ 
rior intervalvular triangle of the 
aortic root (Figs. 6.12 and 6.13). 

The left fibrous trigone lies on the 
apex of the left ostial process. As 
for the right fibrous trigone, the 
left trigone also exhibits a thicken¬ 
ing of the subvalvular membrane, 
which provides the attachment of 
the left coronary sinus to the left 
ventricle. The basal side of this tri¬ 
angle is attached to the left ostial 
process, the superior is connected 
to the left coronary sinus, and the 
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Fig. 6.13. Topography of the left fibrous trigone, schematic drawing 
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mitral valve reconstruction, as removal of the conjoin¬ 
ing segments of the posterior mitral valve leaflets may 
result in postinterventional valve insufficiency. 

The relationship between the left fibrous trigone and 
the left commissure will be discussed with the aid of a 
dry-dissected specimen from which the fat tissue and 
coronary vessels have been removed (Fig. 6.12). The left 
heart is viewed from left anterior superior view in both 
Fig. 6.12 and the corresponding drawing (Fig. 6.13). The 
area of the left ostial process can thus be examined in 
detail; the dashed line marks the borders of this seg- 


inferior line is connected to the mitral valve annulus. 

This is well presented on the schematic drawing (Fig. 6.13). 
The fibrous trigone is depicted in blue. The subvalvular 
membrane is depicted as a yellow line. Henle described 
fibrous extensions of the fibrous trigone toward the left 
marginal area of the left ventricle. These extensions are 
also part of the subvalvular membrane, and in most 
cases run over the lateral wall of the left ventricle inferi- 
orly to the attachment of the left atrium (Fig. 6.12). 
However, they may also extend from the apex of the left 
trigone, running toward the posterior intervalvular tri- 
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angle. One of these circumferential 
extensions maybe inspected on the 
dissected specimen in Fig. 6.12, in 
which the left atrium has been re¬ 
moved, revealing the entire course 
of the fila. Note that we were able to 
trace the dissected fila to the left 
marginal area of the left ventricle. 

In the following specimen 
(Fig. 6.14) and the corresponding 
schematic drawing (Fig. 6.15), the 
left fibrous trigone and the mitral 
valve are observed in the plane of 
the annulus of the mitral valve. The 
specimen is the same as that shown 
in Fig. 6.10. The left side of the mi¬ 
tral valve can be seen. The lateral 
wall of the left ventricle has been 
removed, leaving only the septal 
part. In this instance, the basal part 
of the left fibrous trigone, which is 
normally attached to the left ventri¬ 
cle, is free. On the drawing (Fig. 6.15), 
the triangle and annulus are col¬ 
ored blue. The fibrous trigone is 
anterior and superior to the left an¬ 
terior commissure. Both the left 
and the right fibrous trigones are in 
the frontal plane compared to their 
fellow commissures. In the present¬ 
ed specimen, the commissural leaf¬ 
let is very wide, almost as wide as 
the posterior leaflet (see dashed 
line Fig. 6.14). Consequently, the 
transition between anterior and 
posterior leaflets is not clear. 
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Fig. 6.16. Morphological variants of the left ventricular papillary muscles 
Table 6.1 Distribution of papillary muscle types (our own results) 



Group 

Anterior papillary muscle 
(n=100) 

Posterior papillary muscle 
(«=100) 

I 

65 

25 

II/A 

11 

26 

II/B 

14 

22 

III/A 

2 

5 

III/B 

4 

7 

III/C 

4 

15 


6.1.2 Chordae Tendineae of the Mitral Valve 

The chordae tendineae are fibrous cord-like structures 
that connect the mitral valve leaflets and the papillary 
muscle. They originate from the apex of the papillary 
muscle and are attached either to the anterior, posterior, 
or commissural parts of the mitral leaflet. The chordae 
proved the vital part of the papillary annular integrity; 
rupture of the chordae results in acute insufficiency of 
the leaflet. Furthermore, it is thought that the integrity 
of the papillary annulus serves as an anchor for the left 
ventricle, preventing extreme dilatation of the ventricu¬ 
lar cavity. In this part of the chapter, we will discuss the 
morphological properties of the chordae tendineae, 


focusing on their origin, number, 
and attachments to the mitral valve. 

First, a brief description of the 
main types of papillary muscle 
(types I—III) will be given, to allow 
a better understanding of the chor¬ 
dae tendineae origins and their 
morphological arrangement. The 
classification of these muscles is 
based on the morphology and ori¬ 
gin of the papillary muscle head 
(Fig. 6.16). Type I papillary muscles 
have one head and one origin (Fig. 
6.16a). In type II papillary muscles, 
the head area is split in two; if the 
two heads have one common ori¬ 
gin, it is termed type II/A (Fig. 6.16b), 
and if each of the two heads has its 
own origin, this morphological var¬ 
iant is termed type II/B (Fig. 16.6c). 
The third morphological variant of 
papillary muscles, type III, has 
three heads. Those type III variants 
for which the three heads have one 
common origin are termed type 
III/A (Fig. 16.6d). Those for which 
two heads originate from the same 
base and the third head presents as 
an individual papillary muscle with 
its own origin are termed type III/B 
(Fig. 6.16e). And finally, those for 
which each of the three heads has 
its own origin are termed type III/C 
(Fig. 6.16f ). This classification is 
based on an investigation of 100 
human hearts, and the distribution 
of types is given in Table 6.1 . 

In Fig. 6.17, a dry-dissected spec¬ 
imen is presented showing a left lateral view of the mi¬ 
tral vale and its subvalvular apparatus. The lateral mus¬ 
culature of the left ventricle has been removed; the an¬ 
nulus of the mitral valve remains in situ. The investiga¬ 
tion plane is that of the mitral valve leaflets. The papil¬ 
lary muscle has one origin and one head, and would 
thus be classified as group I (see also Fig. 6.16). The chor¬ 
dae tendineae that originate from the anterior segment 
of the papillary muscle head run to the anterior leaflet 
of the mitral valve (Fig. 6.17). The chordae that originate 
from the posterior part of the papillary muscle head are 
attached to the posterior leaflet of the mitral valve, and 
those that run from the middle segment of the papillary 
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muscle reach to the commissural segment of the mitral 
valve. However, note that the chordae from the middle 
part of the papillary muscle may also be attached to the 
anterior and posterior leaflets of the mitral valve. This 
arrangement is seen clearly in Fig. 6.17, in which it can 
be seen that the commissural part of the mitral valve is 
very narrow. 

This fundamental arrangement of the chordae tendi- 
neae is more complex in papillary muscles with two or/ 
and three heads. These morphological phenomena are 
shown in detail schematically in Fig. 6.18, in which the 
arrangements of the chordae tendineae in the three 
main types of papillary muscles are presented. The mi¬ 
tral valve is viewed from the left posterior superior 
view, and the left atrium has been removed. The papil¬ 
lary muscles and the course of the chordae tendineae 
are indicated inferior to the plane of the mitral valve. In 
the type I papillary muscle, the anterior part of the head 
gives rise to the chordae that run to the anterior leaflet. 
The chordae that are attached to the commissure origi¬ 
nate from the middle of the papillary muscle. The pos¬ 
terior leaflet is connected to the chordae that arise from 
the posterior part of the papillary muscle (Fig. 6.18a). 
The type II papillary muscle (Fig. 6.18b) has two heads, 
and in most cases are oriented anterolaterally. The chor¬ 
dae from the anterior head run toward the anterior leaf¬ 
let, and those from the posterior head run to the poste¬ 
rior leaflet. The commissural zone chordae tendineae 
originate from the medial segments of the anterior and 
posterior heads. Note that the medial surface of the two 
heads is clearly placed in the axis of the closing line of 
the mitral valve. In type III papillary muscles (Fig. 6.18c), 
the muscle has three separate heads. The middle head is 
located at the closing line of the mitral valve. This mid¬ 
dle part of the papillary muscle head gives rise to the 



Fig. 6.17. Type I papillary muscle with the entire subvalvular appara¬ 
tus, left lateral view 


chordae tendineae that run to the commissural zone. 
However, this medial head in the anterior segment pro¬ 
vides chordae tendineae that run to the anterior leaflet. 
The posterior segment gives rise to the chordae that run 
to the posterior leaflet (Fig. 6.18c). The anterior head 
gives rise to the chordae that run toward the anterior 





Fig. 6.18. Arrangement of the chordae tendineae in the three types of papillary muscle 
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Fig. 6.19. Type II/B papillary muscle with the entire subval¬ 
vular apparatus, right lateral view 


leaflet, and those from the posteri¬ 
or head of the commissure run to¬ 
ward the posterior leaflet. Note that 
the commissural zone is marked in 
red in Fig. 6.18. 

Figure 6.19 shows a left lateral 
view of the mitral valve and the 
posterior papillary muscle; the 
investigation plane is that of the 
posterior commissure. The struc¬ 
ture of the chordae tendineae that 
run to the posterior leaflet exhibit 
muscular structural changes. The 
papillary muscle is type II/B, hav¬ 
ing two heads with two origins. 
Note that on the posterior segment 
of the papillary muscle, one of the 
chordae tendineae exhibits muscu¬ 
lar transformation. The muscular 
part of the chordae reaches almost 
to the attachment of the chordae to 
the posterior leaflet. This phenom¬ 


enon is defined as muscularization of the chordae tendi¬ 
neae, and is demonstrated on the schematic drawing in 
Fig. 6.20, wherein the anterior part of the right ventricle 
has been removed. The mitral valve is inspected in the 
frontal plane; the anterior papillary muscle is on the 
right and the posterior papillary muscle on the left. Mus¬ 
cularization of the chordae is observed at the anterior 
papillary muscle. Here, a large mass of muscle extends 
from the lateral wall of the left ventricle to the anterior 
leaflet of the mitral valve (Fig. 6.20). 

The chordae tendineae may be classified according to 
their origin, and their insertion. The origin of the chor¬ 
dae tendineae may be from the papillary muscle or from 
the wall of the left ventricle. The insertion may be to the 
free margin of the leaflet, or to the ventricular surface of 
the appositional or nonappositional division of the leaf¬ 
let. Accordingly, the chordae are designated either mar¬ 
ginal appositional or nonappositional. As a rule, a step¬ 
wise increase in diameter occurs as we pass along the 
length of the chordae from mural to nonappositional 
chordae. In 1913, Tandler divided the chordae into the 
following: first (mural), second (appositional), and 
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third (nonappositional) generations. The insertion of the 
chordae to the posterior leaflet is demonstrated in the 
dry-dissected specimen in Fig. 6.21. The dissection plane 
runs through the ostium of the right coronary artery and 
the middle of the noncoronary sinus, as shown more 
clearly in the schematic drawing in Fig. 6.22, wherein the 
whole heart is presented (viewed from the left lateral 
direction). The mitral valve has been dissected in the 
anteroposterior (AP) plane, and the leaflets of the mitral 
valve are in a closed position. The chordae originate 
from the papillary muscle, and the filaments that run to 
the free edge of the leaflet are marked as first generation 
of chordae (see Fig. 6.21/1). Filaments of the second gen¬ 
eration run from the papillary muscle to the appositional 
zone of the mitral valve (Fig. 6.21/11). The third-genera¬ 
tion chordae run directly from the ventricular trabecula 
toward the ventricular aspect of the leaflet (Fig. 6.21/NI). 

This relationship is shown in more detail on the sche¬ 
matic drawing in Fig. 6.22, in which the mitral valve is 
viewed from the left lateral aspect and the dissection 
plane is AP, and thus the lateral left ventricular wall has 
been removed. The ascending aorta is placed in front of 
the mitral valve plane. The right and noncoronary 
sinuses are seen from the left side; 
note that the dissection plane runs 
through the ostium of the right cor¬ 
onary sinus. The attachment of the 
mitral valve in frontal plane is indi¬ 
cated by dashed line. The chordae 
that run to the posterior leaflet can 
be examined. Note the filaments that 
run from the apex of the papillary 
muscle attach to the free margin of 
the leaflets. These first-generation 
chordae may be found at the ante¬ 
rior and posterior leaflets, and are 
depicted in Fig. 6.22 in orange. The 
second-generation chordae (colored 
in blue in Fig. 6.22) also originate 
from the papillary muscle, but these 
filaments attach under the free edge 
of the leaflet. The second-generation 
chordae may be attached to either 
the anterior or posterior leaflets. 

The third-generation chordae, which 
originate from the left ventricular 
wall are attached only to the poste¬ 
rior leaflet. No such a morphological 
variant was found at the anterior 
leaflet. These chordae are colored in 
red in Fig. 6.22. 



Fig. 6.21. Morphological variants of the chordae tendineae, left 
lateral view (I: First-generation chordae tendineae; 




























302 6 Mitral Valve 


6.1.3 Attachment of the Mitral Valve 
to the Left Ventricle 

In this part of the morphological description of the mi¬ 
tral valve, we explain the relationship between the mi¬ 
tral valve leaflets and the ostium of the left ventricle, 
and in particular the anatomy of the mitral valve attach¬ 
ment. In general, we can state that the posterior leaflet 
is attached directly to the musculature of the left ventri¬ 
cle; this statement describes the situation well, and one 
might think that it therefore needs no further discus¬ 
sion. However, more detailed investigation, including 
preparation of histological specimens, reveals a more 
complex morphological relationship. In addition, the at¬ 
tachment of the anterior leaflet and the commissural 
zones of the mitral valve attachment exhibit a very com¬ 
plex anatomy. These morphological situations will be 
discussed herein, incorporating the term “subvalvular 
membrane” to describe each facet of the mitral valve. 
The detailed topography of this membranous structure 
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Fig. 6.23. Attachment of the chordae tendineae to the anteri¬ 
or leaflet 


will be discussed in Sect. 6.1.4. We must first describe 
the very complex attachment of the borders of the mi¬ 
tral valve. This may be divided into three segments: at¬ 
tached, commissural, and free. Note that from a physio¬ 
logical viewpoint, the commissural zones are integral 
parts of the leaflet (Figs. 6.23 and 6.24). 

The free border of the anterior and posterior leaflets 
is divided into three parts. The classification of Carpen- 
tier recognizes three major scallops in the posterior 
leaflet (P1-P3), and names the facing segments of the 
anterior leaflet, where PI is near to the anterior com¬ 
missure, P3 is a neighbor to the posterior commissure, 
and P2 is located in the middle of the posterior leaflet. 
These parts of the mitral valve are presented on the dry- 
dissected specimen and its corresponding drawing (Figs. 
6.25 and 6.26, respectively), in which the left atrium has 
been removed and the dissection carried out at the level 
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Fig. 6.24. Attachment of the chordae tendineae to the pos¬ 
terior leaflet 



6.1 General Anatomy of the Mitral Valve 303 


Tricuspid valve, septal leaflet Right coronary artery 


Artery, interventricular branch — 


Left ventricle — 
Circumflex branch — 


Left marginal branch — 


Fig. 6.25. Posterior superior view of the 
mitral valve 
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Fig. 6.26. Posterior superior view of the mitral valve, schematic drawing 


of the attachment of the left atrium 
to the left ventricle. The coronary 
arteries on the dry-dissected speci¬ 
men have been filled with white 
contrast material, but left in situ. 

The mitral valve is inspected from 
the posterior superior view. The at¬ 
tachment of the left atrium is col¬ 
ored red and the subvalvular mem¬ 
brane is orange (Fig. 6.26). The 
leaflets are seen in the closed posi¬ 
tion, as they might be seen by the 
surgeon in theater. The closure line 
is semicircular and is located at 
the rough zone of the leaflet. The 
smooth part faces the left atrium 
in the diastolic part of the heart cy¬ 
cle. The anterior leaflet takes up 
approximately two-thirds of the entire annular circum¬ 
ference, and the posterior leaflet, which is rectangular, 
is attached to the remaining one-third of the annulus. 
There are numerous slits in the posterior leaflet; these 
acts as pleats so that the valve can close. Consequently, 
the surgeon sees these segments as almost completely 
separate structures, producing the so-called scallops of 
the valve. There are numerous texts in which these scal¬ 
lops are described as four separate leaflets (Yacoub), or 


even six if the commissures are also taken into account 
(Carpentier). More commonly, however, surgeons adopt 
the suggestion of Kumar et al., who labeled the func¬ 
tional components of the valve in alphanumeric fashion. 
However, in the setting of a prolapse, these individual 
components may be deformed in isolation and must be 
recognized as such. 
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Fig. 6.27. Attachment of the anterior leaflet, left superior posterior 
view 



Fig. 6.28. Attachment of the anterior leaflet, posterior view, schematic drawing 


The attached part does not use the aforementioned clas¬ 
sification for free segments of the valve. The anterior 
leaflet is thus divided into four parts. The anterior leaf¬ 
let and its attachment area is inspected from the left lat¬ 
eral view on the dry-dissected specimen in Fig. 6.27. In 
this specimen the left atrium has been removed and the 
right atrium left in situ, to allow the interatrial septum 
to be viewed. The mitral valve is in a closed position. 
The attachment of the anterior leaflet is positioned in 
the left lateral projection. The small invagination in the 
area of the anterior leaflet indicates the position of the 
left and right fibrous trigones. On the corresponding 
schematic drawing in Fig. 6.28, the closed mitral valve is 
inspected from the posterior superior view. The left 
atrium has also been removed in this figure, and the 
different parts of the attachments of the anterior leaflet 
are indicated with different colors: the attachment of the 
left atrium is presented in red. 

The intervalvular part of the attachment of the ante¬ 
rior leaflet is located between the aortic and mitral 
valves, and measures on average 2.7 cm. This segment is 
found at the site of the anterior-superior part of the 
subvalvular membrane and is located between the deep¬ 
est points of the left and noncoronary sinuses (Figs. 6.27 
and 6.28). On the schematic drawing (Fig. 6.28), this 

part is indicated as a red line. Later 
on, we will see that this part of the 
leaflet is relatively immobile and it 
has been postulated to be an an¬ 
choring area for the anterior leaflet. 
The intervalvular part of the annu¬ 
lus is inferior and posterior to the 
posterior fibrous trigone of the aor¬ 
tic root. 

The junction zone on the left and 
right is placed between the deepest 
points of the noncoronary and left 
coronary sinuses, and corresponds 
to the left and the right fibrous 
trigones, respectively (indicated by 
a small, dark line in Fig. 6.28). 
These areas measure on average 
0.7 cm in length. The right junc¬ 
tional zone is the site where the left 
and right atria are attached to the 
right fibrous trigone (Fig. 6.27). 

The right and left ostial zones 
may be found between the fibrous 
trigone and the related commis¬ 
sures; these areas are indicated in 
violet on the anterior annulus in 
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Fig. 6.28. This part of the leaflet, 
which measures 1.0 cm on average) 
is also attached to the left ventricle 
through the intermediation of the 
subvalvular membrane. The com¬ 
missural areas are indicated as green 
areas of the mitral valve in Figs. 6.27 
and 6.28. 

The posterior leaflet is located 
on the posterior circumference of 
the mitral valve, measuring ap¬ 
proximately 7.0 cm in length and 
occupying an area almost equal to 
that of the anterior leaflet. The 
importance of identifying the pre¬ 
cise attachments of the leaflets is 
not debatable. In procedures such 
as manipulations of the posterior 
leaflet annulus, it is of particular 
importance because of the danger 
of periprosthetic leak in relation to 
the anterior leaflet. This may be 
because the attachment of the ante¬ 
rior leaflet is tougher and has fewer 
calcifications than that of the pos¬ 
terior leaflet (Figs. 6.27 and 6.28). 

To understand the morphology 
of the mitral valve attachment to 
the left ventricle, it is essential to 
discuss, if only briefly, the mor¬ 
phology of the left ventricular os¬ 
tium. This opening of the left ven¬ 
tricle may be exposed if the aortic 
root and the mitral are removed. 
The opening may then be observed 
bordered by the left ventricular 
musculature and remaining part of 
the aortic root (Figs. 6.29 and 6.30). 
As mentioned, the left atrium, the 
whole mitral valve and a part of the 
aortic root have been removed, 
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Fig. 6.29. Ostium of the left ventricle, posterior view 



thus exposing the entire opening of the left ventricle. 
The left ventricular ostium is seen from the posterior 
superior view in Figs. 6.29 and 6.30. The posterior two- 
thirds of this opening correspond to the opening of the 
mitral valve, and the anterior one-third to the aortic 
root. Note that the right coronary sinus remains intact 
and is attached to the anterior part of the ostium. The 
parts of the left and noncoronary sinuses that are con¬ 
joined to the right coronary sinus have also been left in 
situ. This shows very clearly that the aforementioned 


segments of the aortic root are attached to the septal 
wall of the left ventricle. The walls of the sinuses have 
been removed so that only the semicircular leaflet 
attachments and the commissural zones remain (Fig. 6.29). 
In the schematic drawing, the left coronary sinus is red, 
and the noncoronary sinus is green. The membrane 
providing the attachment of the aortic root to the left 
ventricle is indicated as a thin yellow strip (Fig. 6.30). 
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The right coronary sinus is inspected from the posterior 
aspect, and the left and right intervalvular triangles are 
still attached to the left ventricle in Fig. 6.30. The ante¬ 
rior halves of the left and noncoronary sinuses herein 
prove their connection to the left ventricle. The left and 
right fibrous trigones may be found at the medial edges 
of the left and noncoronary sinuses. These are dissected 
in the frontal plane in Fig. 6.29. On the schematic draw¬ 
ing (Fig. 6.30), the fibrous trigones are indicated in blue. 
The membranous part of the interventricular septum is 
directly connected to the right fibrous trigone and to 
the right intervalvular triangle (Figs. 6.29 and 6.30). 
From the area of the left and right fibrous trigones, the 
left and right ostial zones of the anterior leaflet, the 
commissural zone, and the posterior leaflet are attached 
to the opening of the left ventricle. 

The attachment of the left atrium is colored in red 
and the membrane providing the attachments of the left 
atrium and the mitral leaflet is indicated in yellow 
(Fig. 6.30). The attachment of the mitral valve is central 
to that of the left atrium, and so it is not indicated on 
these two specimens. Note that the left ostial and the 


left commissural zones are conjoined to the left ostial 
process of the left ventricle; the latter is indicated with a 
dashed line on the schematic drawing (Fig. 6.30). In 
contrast, the right ostial zone of the mitral valve attach¬ 
ment is conjoined to the left superior posterior process 
of the left ventricle. 

The anterior leaflet, as described previously, has four 
segments providing its attachment to the ostium of the 
left ventricle. Herein, we will assess their relationship to 
the outflow tract of the left ventricle and then discuss 
the implications in mitral valve replacement. The pre¬ 
sented dry-dissected specimen has been transected in a 
near-frontal plane in the AP direction (Fig. 6.31 ). The 
corresponding schematic drawing is presented in Fig. 6.32. 
The mitral valve is closed and the leaflets have been 
brought into their systolic position. The mitral valve is 
inspected from the anterior inferior view, allowing ex¬ 
amination of the attachment of the anterior leaflet. Note 
that in both figures, the dissection plane runs approxi¬ 
mately at the middle of the intervalvular part of the an¬ 
terior leaflet. The left half of this specimen will be dis¬ 
cussed later in this chapter. 


Right atrium 


Right 

coronary 

artery 


Right 

ventricle 



Superior 
vena cava 

Left atrium 


Anterior 
leaflet of 
mitral valve 

Left atrium 


Posterior 

leaflet 


Posterior 

papillary 

muscle 


Fig. 6.31. Relationship between the anterior leaflet and the outflow tract of the left ven¬ 
tricle 


From this view, the right half of the 
intervalvular segment, the right 
junctional zone, and the right ostial 
zone maybe investigated (Figs. 6.31 
and 6.32). The right ostial zone 
measures on average 10 mm and is 
positioned between the right 
fibrous trigone and the right com¬ 
missure. This is a part of the ante¬ 
rior leaflet that is directly attached 
to the left ventricular musculature; 
it is located to the right and ante¬ 
rior relative to the right fibrous tri¬ 
gone. As noted previously, the con¬ 
joined attachment of the left and 
right atria may be found in front of 
this zone. The attachments of both 
atria are indicated by red and blue 
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interrupted lines (Fig. 6.32), and 
actually correspond the course of 
the anterior edge of the interatrial 
septum. The right junctional zone 
corresponds to the attachment of 
the septum to the annulus of the 
mitral valve. In most cases, this 
attachment is located behind the 
noncoronary sinus, which is shown 
in green (Figs. 6.31 and 6.32). How¬ 
ever, in the left- or right-rotated 
aortic root, this may be shifted to 
the right or the left third of the 
sinus. The right intervalvular seg¬ 
ment of the anterior leaflet is also 
seen. The hinge area of the anterior 
leaflet is indicated with a yellow 
stripe positioned at the ventricular 
aspect of the anterior leaflet. 

> 

Fig. 6.32. Relationship between the anterior 
leaflet and the outflow tract of the left ven¬ 
tricle, schematic drawing 



The anterior part of the heart is 
examined by transected it in the AP 
plane (Figs. 6.33 and 6.34), to the 
left of the middle of the mitral 
valve. The mitral valve is in a 
closed position, as in systole. The 
specimen (Fig. 6.33) is inspected 
from the posterior superior view, as 
is its corresponding schematic 
drawing (Fig. 6.34). The noncoro¬ 
nary and right coronary sinuses are 
seen from the superior view, and in 
the schematic drawing, these are 
colored in green and blue, respec¬ 
tively (Fig. 6.34). The membranous 
part of the interventricular septum 
is placed between the two sinuses. 
The anterior leaflet in its almost 
fontal position represents the func¬ 
tional border between the inflow 
and outflow tracts of the left ventri¬ 
cle (Figs. 6.33 and 6.34). Here, the 
major part of the right-sided inter¬ 
valvular part may be observed. 
However, from this viewpoint, the 
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Fig. 6 .33. Relationship between the anterior leaflet and the outflow tract of the left ventricle, 
left posterior superior view 
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Fig. 6.34. Relationship between the anterior leaflet and the outflow 
tract of the left ventricle, left posterior superior view, schematic 
drawing 
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position of the junctional part of 
the attachment is more under¬ 
standable. Note that on the sche¬ 
matic drawing this part of the at¬ 
tachment is marked as n. 2 and is 
in front of junction between left 
and right atrium. It is positioned 
inferior to the middle of the nonco¬ 
ronary sinus. All three structures 
are in the frontal plane (Figs. 6.33 
and 6.34), and the junctional at¬ 
tachment is inferior to the deepest 
point of the noncoronary sinus. 
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Figure 6.35 shows the complex of the aortic root and the 
mitral valve with the papillary muscle as if removed 
from the left ventricle en bloc. The three sinuses of the 
aortic root are labeled: the right coronary sinus in blue, 
the left in red, and the noncoronary sinus in green. The 
mitral valve is inspected from the right superior lateral 
view. This specimen can be used to explain the relation¬ 
ship between the right junctional zone and the noncoro¬ 
nary sinus. In Fig. 6.34, the attachment of the left atrium 
is marked with a red dashed line, and that of the right 
with a blue dashed line. The conjoining point of both 
atria is just behind the noncoronary sinus (Fig. 6.35). 
This point marks the right junctional zone. 
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Fig. 6.35. Exposure of the right junctional zone, right posterior supe¬ 
rior view, schematic drawing 
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In the following, we will discuss the 
relationship between the left ostial 
and junctional parts, and the out¬ 
flow tract of the left ventricle. In 
the presented specimen, the dissec¬ 
tion plane is in the oblique direc¬ 
tion, running through the posterior 
and left intervalvular triangles. At 
the level of the mitral valve, the dis¬ 
section plane removes the postero¬ 
lateral commissural zone (Figs. 6.36 
and 6.37). It is important to note 
that the left atrium has also been 
opened; however, only the poste¬ 
rior wall of the left atrium may be 
inspected. The corresponding 
drawing presents the details of the 
presented dry-dissected case (Fig. 

6.37). The anterior leaflet is in¬ 
spected in the frontal plane from 
the right lateral direction. The red 
dashed horizontal line indicates the 
border between the anterior leaflet 
and left lateral atrial wall. This bor¬ 
der is placed in front and superior 
to the left fibrous trigone, which is 
marked in blue on Fig. 6 .37. As for 
the right ostial attachment, the left 
ostial attachment is not attached to the left ven¬ 
tricular musculature. It is placed between the 
deepest points of the left coronary sinus and the 
left fibrous trigone. At the opposite side, the tran¬ 
sition between the anterior and lateral walls of 
the left atrium is attached inferiorly to the sub¬ 
valvular membrane. This is indicated by a red 
dotted line from the horizontal dotted line, in the 
vertical direction (Fig. 6.37). The left ostial at¬ 
tachment may be found between the left fibrous 
trigone and the left commissural zone, and is at¬ 
tached directly to the left ventricle. In some 
cases, fibrous extensions (fila of Henle) of the left 
fibrous trigone may be found here, running cir¬ 
cumferentially toward the left obtuse margin. 


Coronary 

sinus 

Left coronary 
artery 


Fig. 6.36. Rela¬ 
tionship be¬ 
tween the ante¬ 
rior leaflet and 
the outflow 
tract of the left 
ventricle, right 
inferior view 


Fig. 6.37. Relationship between the anterior leaflet and the 
outflow tract of the left ventricle, right inferior view, sche¬ 
matic drawing 
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Fig. 6.38. Left junctional and ostial attach¬ 
ments of the anterior leaflet, right superior 
view 
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A superior posterior view of the anterior leaflet is 
shown in Fig. 6 .38 and its corresponding schematic 
drawing (Fig. 6.39). The dissection of the mitral valve is 
in the vertical plane; the intervalvular attachment is dis¬ 
sected at the middle (Fig. 6.38). The noncoronary sinus 
has been dissected at its middle, the left coronary sinus 
is intact, and the right coronary sinus has been divided 
into two halves (Figs. 6.38 and 6.39). The left half of the 
intervalvular segment is indicated by 1 in Figs. 6.38 and 
6.39. On the dissected specimen (Fig. 6.38), this area is 
seen as a darker line indicating the border between the 
anterior leaflet and the anterior atrial wall. 

The left junctional zone is a short, yellow part of the 
annulus in Fig. 6 .39, which is anterior and superior to 
the left fibrous trigone. The left fibrous trigone is indi¬ 
cated as a shallow invagination of the attachment in 
Fig. 6 .38; here, the annulus first comes into contact with 
the ostium of the left ventricle. This is marked in blue 
on the schematic drawing (Fig. 6.39); the left ostial zone 
is indicated on the annulus and is positioned between 
the fibrous trigone and the anterolateral commissure. 
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Fig. 6.39. Left junctional and ostial attachments of the anterior leaf¬ 
let, right superior view, schematic drawing 
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The posterior leaflet of the mitral valve extends between 
the anterolateral and posterolateral commissures. It 
seems that the leaflets are not directly attached to the 
left ventricular musculature. In the cross section of the 
posterior leaflet and the left ventricle presented in 
Fig. 6.40, one can see that a membranous structure pro¬ 
vides anchorage to the left ventricle at the area of the 
posterior leaflet attachment. The detailed anatomy of 
this membrane and its relationship to the left ventricu¬ 
lar ostium will be discussed later in this chapter. The 
dissection plane on the presented specimen (Fig. 6.40) 
runs thought the middle of the posterior leaflet; the 
attachment is inspected from the lateral direction. Note 
that the posterior leaflet is very closely apposed to the 
circumflex branch of the left coronary artery, which 
runs on average 0.5 cm above the attachment of the pos¬ 
terior leaflet. This morphological situation is very im¬ 
portant, especially during mitral valve replacement and 
annulus implantation, but also for all those procedures 
in which manipulation of the posterior leaflet has to be 
taken into account. However, the circumflex branch may 
be found over the posterior leaflet only in the case of 


left and intermediate dominance. In the right-dominant 
heart, the left circumflex artery terminates as a left mar¬ 
ginal branch and does not run near to the annulus of 
the posterior leaflet. In this case, the right posterior 
branch may be positioned in the left posterior coronary 
sulcus. 

As mentioned previously, the mitral valve leaflets 
appear not to be directly attached to the left ventricular 
musculature. In preparing the specimens for this chap¬ 
ter, we noted a membranous structure positioned 
between the posterior leaflets and the left ventricle. This 
membranous structure appears to provide the attach¬ 
ment between the atrial musculature and the left ventri¬ 
cle. As it was positioned inferior to the mitral valve, the 
membranous structure was identified as the subvalvular 
membrane. Herein, specimens will be presented in 
which the aorta has been dissected superior to the sino- 
tubular junction; the left atrium has also been removed, 
except for a narrow rim at the site of the membrane. 

The detailed anatomy of the membrane will be dis¬ 
cussed in Sect. 6.1.4. 
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Fig. 6.41. Subvalvular membrane, left lateral view 


The specimens presented in Figs. 
6.41 and 6.42 have been subjected 
to interior lighting of the left ven¬ 
tricular ostium. Figure 6.41 shows a 
left lateral superior view of the sub¬ 
valvular membrane. The residual 
rim of the left atrium appears as a 
dark stripe that separates the mi¬ 
tral valve leaflet from the mem¬ 
brane, which is located inferior to 
the atrial attachment. The leaflet is 
defined as the structure that is 
placed central to the atrial attach¬ 
ment and to the subvalvular mem¬ 
brane, and is seen as a light line in¬ 
ferior to the attachment of the left 
atrium. 



Figure 6.42 shows a posterior view 
of the mitral valve attachment. The 
membranous structure extends 
from the area of the left fibrous tri¬ 
gone toward the right fibrous tri¬ 
gone. Furthermore, the left and 
right intervalvular triangles are 
also translucent (Fig. 6.42), and 
thus also appears to be a morpho¬ 
logical part of this membranous 
structure. Note that the subvalvular 
membrane appears as a less-trans¬ 
lucent structure at the middle of 
the posterior attachment (Fig. 6.42 
as compared to Fig. 6.41). 


Fig. 6.42. Subvalvular membrane, posterior view 
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6.1.4 Subvalvular Membrane 
of the Mitral Valve 


The membrane-like structure at the 
edge of the left ventricular ostium 
is known as the subvalvular mem¬ 
brane. This membranous structure 
provides the attachment of the aor¬ 
tic root and of the mitral valve to 
the ostium of the left ventricle. Fur¬ 
thermore, the left atrium is at¬ 
tached to the outer surface of this 
membrane, and the conjoined at¬ 
tachment of the right and left atria 
to this membrane in front of the 
noncoronary sinus indicates the 
junctional zone of the anterior leaf¬ 
let annulus. The conjoined attach¬ 
ment of both atria is in front and 

medial of the right fibrous trigone. The line between the 
left and right junctional attachment divides the mem¬ 
brane into anterior and posterior segments. The ante¬ 
rior segment of the membrane is divided into three 
parts determined by the attachments of the tricuspid 
leaflet, the right ventricle, and the right atrium to the 
membrane. The anterior-most part is that joined to the 
right ventricle; this part of the anterior segment also 
provides the attachment of the right coronary sinus. 

The posterior part is divided into three segments. 

The mitral valve, which attaches to the posterior part of 
the membrane, actually defines these areas. The left and 
right ostial zones are attached to the membrane part, 
which is posterior to the fibrous trigone. The left and 
right commissural zones represent the second zone, and 
the entire posterior leaflet is interpreted as the third 
part of the posterior segment. 

Figure 6.43 shows a left lateral view of a specimen that 
has been subjected to interior lighting to clarify the anat¬ 
omy and positions of the subvalvular membrane. The 
corresponding drawing is seen in Fig. 6.44. The aorta 
has been dissected at the level of the sinotubular junc¬ 
tion, and the left atrium has been removed just over its 
attachment to the subvalvular membrane (Figs. 6.43 and 
6.44). In the schematic drawing (Fig. 6.44), the mem¬ 
brane is presented in yellow, and the attachment of the 
left atrium as a brown line. The mitral valve is central 
relative to the attachment of the left atrium (Figs. 6.43 
and 6.44). With transillumination, the attachment of the 
left atrium appears as a dark strip; the translucent band 
of the subvalvular membrane is seen inferior to the 
atrial attachment. The left fibrous trigone appears as a 
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Fig. 6.43. Left lateral view of the subvalvular membrane 
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Fig. 6.44. Left lateral view of the 
subvalvular membrane, schematic drawing 


less translucent triangular structure, with the apex di¬ 
rected toward the posterior intervalvular triangle. Ante¬ 
rior to the left fibrous trigone, the membrane runs infe¬ 
rior to the left coronary sinus and provides the attach¬ 
ment of the left coronary sinus to the left ventricle. Note 
that the membrane at this location is in some instances 
thinner than the part found at the area of the mitral 
valve (Figs. 6.43 and 6.44). Medially from the left fibrous 
trigone, the membrane runs between the right part of 
the left coronary sinus and the anterior attachment of 
the left atrium. The membrane is connected directly to 
the posterior intervalvular triangle of the aortic root. 
From this lateral view, one can see that the axis of the 
posterior intervalvular triangle corresponds to the axis 
of the anterior leaflet of the mitral valve. 
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Fig. 6.46. Left posterior superior view of the subvalvular membrane 


The same specimen from a more posterior left lateral 
view is shown in Fig. 6.45. From this perspective, the 
relationship between the subvalvular membrane and the 
left coronary sinus may be observed in more detail. The 
subvalvular membrane appears as a transilluminated 
membrane located inferior to the left coronary sinus. 
Note that the membrane continues between the aortic 
root and the attachment of the anterior wall of the left 
atrium, toward the posterior intervalvular triangle. Just 
before the membrane reaches the posterior intervalvu¬ 


lar triangle, it serves as an attach¬ 
ment for the right half of the left 
coronary sinus. This morphological 
situation is seen clearly in Fig. 6.45. 
However, at this area there is no 
direct connection to the left ventri¬ 
cle. Anchorage of this part of the 
left sinus to the left ventricle is only 
provided by the subvalvular mem¬ 
brane (Fig. 6.45). As mentioned ear¬ 
lier in this chapter, given the great 
forces experienced during the car¬ 
diac cycle, it is not surprising to 
find that the trigone membrane is 
thickened at this area (left fibrous 
trigone). 

Figure 6.46 shows a posterior 
superior view of the subvalvular 
membrane in a transilluminated 
specimen; the corresponding sche¬ 
matic drawing is shown in Fig. 6.47. 
The specimen shown in the previ¬ 
ous figures was turned about 45° to 
the left. The attachment of the left 
atrium is presented as a dark strip 
(Fig. 6.46); on the schematic draw¬ 
ing, the same structure is brown. 
The subvalvular membrane can be 
found inferior to the atrial attach¬ 
ment; this appears as a translucent 
structure inferior to the dark strip 
(Fig. 6.46). The mitral valve leaflets 
are central to the atrial attachment. 
The segment of the subvalvular 
membrane that runs around the 
posterior leaflet of the mitral valve 
will now be discussed. 

Note that the translucent mem¬ 
brane in principle sur rounds the 
entire posterior segment of the 
mitral valve from the left fibrous 
trigone to the right (see Figs. 6.46 and 6.47). Thus, given 
that the membrane represents the sole structure pro¬ 
viding the attachment of the valve, which is exposed to 
extreme hemodynamic conditions, again it is not sur¬ 
prising that some fibrous thickening may be found 
here. Henle described the membrane as extending from 
the left and right fibrous trigones and running around 
the posterior segment of the mitral valve (Fig. 6.47). 
This extension runs toward the posterior leaflet, and is 
found as a fibrous thickening with some cartilage ele- 
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ments; these are termed “fila of 
Henle”. 

Note that in the presented case, 
the subvalvular segment of the 
atrioventricular membrane is less 
translucent at the midpoint of the 
posterior leaflet of the mitral valve 
(Fig. 6.46). This is because the mem¬ 
brane normally narrows here. In¬ 
deed, the membrane is sometimes 
not recognizable to the naked eye 
in dry-dissected specimens; con¬ 
versely, extensive calcifications and 
fibrosis may be present in elderly 
patients. 

A right lateral view of the sub¬ 
valvular membrane in a dry-dis¬ 
sected specimen is shown in Fig. 6.48. 
Only interior lighting was used, 
thus allowing examination of the 
right lateral topography of the sub¬ 
valvular membrane. The schematic 
drawing of the dissected specimen 
(Fig. 6.49) represents a more de¬ 
tailed morphology of this area. The 
subvalvular membrane is indicated 
in yellow, and the attachment of the 
left atrium in lilac. Note the rela¬ 
tionship between the tricuspid leaf¬ 
let (solid red line) and the right 
atrial attachment (solid blue line), 
to the membrane. The attachment 
of the right ventricle to the mem¬ 
brane will be discussed later. 

The right junctional zone is in¬ 
dicted on the schematic drawing 
with the conjoined attachment of 
the left (lilac line) and right (blue 
line) atria on the subvalvular mem¬ 
brane. Note that the subvalvular 
membrane widens on leaving the 
commissural zone (Figs. 6.48 and 
6.49). This maybe due to the diago¬ 
nal descensus of the superior edge 
of the left ventricle. On the dry-dis¬ 
sected specimen (Fig. 6.48), this 
conjoined attachment is represent¬ 
ed as a dark line just inferior to the 
deepest point of the noncoronary 
sinus. From here on, as mentioned 
earlier, the subvalvular membrane 
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Fig. 6.47. Left posterior superior view of the subvalvular membrane, schematic drawing 



Fig. 6.48. Right lateral view of the subvalvular membrane 
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Fig. 6.49. Right lateral view of the subvalvular membrane, schematic drawing 
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Fig. 6.50. Attachment of the right ventricle (posterolateral wall) to 
the subvalvular membrane 


is wider. The right fibrous trigone may be found in this 
wider area, and just superior to it is found the attach¬ 
ment of the right atrium. The attachment of the right 
atrium defines the uppermost border of the membra¬ 
nous septum, which can be divided into two parts: atrial 
and ventricular. The atrial part of the septum is posi¬ 
tioned between the attachments of the right atrium and 
the septal leaflet of the tricuspid valve. The ventricular 
part is found inferior to the attachment of the septal 
leaflet (Fig. 6.49). These conditions are presented clearly 
on the schematic drawing. The attachment of the septal 
leaflet is indicated as a red line. Note that superior to 
the attachment of the right atrium, the membrane con¬ 
tinues into the right fibrous trigone. From here on, the 
translucent area of the subvalvular membrane runs in¬ 
ferior to the right coronary sinus and provides the 
attachment of the sinus to the left ventricle (Figs. 6.48 
and 6.49). 

The right ventricle is also attached 
to the subvalvular membrane. In 
the right lateral view of the transil- 
luminated heart shown in Fig. 6.50, 
this part of the right ventricle is 
represented as a dark area in front 
of the anterolateral commissure of 
the tricuspid leaflet. The morpho¬ 
logical situation of the specimen is 
better explained using the schemat¬ 
ic drawing in Fig. 6.51 . The postero¬ 
lateral wall of the right ventricle 
underlies the right posterior part of 
the right sinus. The apex of the 
posterolateral wall almost reaches 
the right fibrous trigone. The area 
of contact between the right aortic 
sinus and the wall parallels the in¬ 
creased size of the sinus. 

The attachment of the right ven¬ 
tricle to the membrane is inspected 
from the right lateral superior view 
in the schematic drawing (Fig. 6.51a). 
For better interpretation, the leaf¬ 
lets have been removed. The at¬ 
tachment of the right ventricle is 
indicated in blue. Note the attach¬ 
ment of the septal leaflet of the tri¬ 
cuspid valve to the membrane and 
the position of the anterolateral 
leaflet on the right ventricle. In 
normal cases, the attachment of 
posterolateral wall is presented as a 



Fig. 6.51. a-c Attachment of the right ventricle (posterolateral wall) to the subvalvular mem¬ 
brane, schematic drawings 
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Fig. 6.51c 
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Fig. 6.52. Subvalvular membrane and its attachment to the left ventricle, histological specimen 


muscular structure (Figs. 6.51a and 
6.51b). In our series, we found a 
case of a 28-year-old male in whom 
the attachment of the posterolateral 
part of the right ventricle to the 
membrane contained a membrane 
at the proximal part of the muscle. 

A schematic drawing of this situa¬ 
tion is presented in Fig. 6.51c, in 
which the musculature is given in 
blue and the membranous part is 
indicated with brown. The exten¬ 
sion of the membrane part is differ¬ 
ent; in normal cases, these may have 
no influence on the hemodynamics 
of the right ventricle. However, dur¬ 
ing pressure overload of the right 
ventricle, the membranous part may 
develop an aneurysmatic deforma¬ 
tion. 

To prove the existence of the sub¬ 
valvular membrane, histological 
specimens were taken from the ar¬ 
ea of the mitral valve attachment 
where the membrane was found in 
almost every dry-dissected heart. 

The posterior attachment was dis¬ 
sected in the axial direction. The 
precise relationship between the 
membrane and the mitral valve and 
the attachment of the left atrium 
was thus investigated histologically. 

The specimens were stained using 
the periodic acid-Schiff technique. 

The translucent membrane was 
identified as a fibrous band that is 
directly connected to the left ven¬ 
tricular muscle (Fig. 6.52). This 
band is colored blue in the figure, 
and the muscle is represented as a 
red structure positioned inferior to 
the membrane. The mural leaflet 
and the left atrium are attached to the central part of 
the membrane. The outermost part of the membrane is 
connected to the left ventricular musculature. The hinge 
line of the valve is defined by the attachment of the left 
atrium to the membrane. The ventricular surface of the 
leaflet appears as a continuation of the fibrous mem¬ 
brane, and the atrial surface as a continuation of the left 
atrium. Note that the atrial muscles are present at the 
proximal half of the mural leaflet. We assume that the 


sphincter function of the annulus is an active contrac¬ 
tion provided by the atrial musculature present in the 
proximal part of the posterior leaflet. This suggestion is 
supported by the fact that the absence of properly timed 
atrial contractions, as during ventricular pacing or atri¬ 
al fibrillation, abolishes the presystolic annular area re¬ 
duction. 
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Fig. 6.53. Mitral 
valve in the dia¬ 
stolic position, 
anterior view 
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Fig. 6.54. Mitral 
valve in the sys¬ 
tolic position, 
anterior view 


6.1.5 Functional Anatomy of 
the Mitral Valve 

In the AP view of the anterior leaf¬ 
let of the mitral valve (Fig. 6.53), 
the entire right coronary sinus has 
been removed. The dissection 
plane is in the frontal direction and 
runs through the middle of the non¬ 
coronary sinus and right interval- 
vular triangle. The mitral leaflet is 
in the opened position, as found 
during diastole (Fig. 6.53). The left 
coronary sinus is positioned in the 
frontal plane. The opening of the 
left coronary artery is positioned at 
the sinotubular junction in the supe¬ 
rior third of the sinus wall. The 
nadir of the anterior leaflet of mitral 
valve is found just inferior to the 
inferior border of the aortic root, 
and between the left and right fi¬ 
brous trigones (Fig. 6.53). The non- 
appositional portion of the anterior 
leaflet is disposed parallel to the out¬ 
flow tract of the left ventricle. The 
chordae tendineae attach to the 
appositional zone of the leaflet. 

In the following specimen 
(Fig. 6.54), the mitral leaflet is in 
the closed position, as in systole. 
From didactical reasons, the right 
part of the left coronary sinus has 
been removed, and the leaflets of 
the noncoronary and left coronary 
sinuses have been dissected at their 
attachment to the sinus wall, leav¬ 
ing only the nadirs intact. The left 
fibrous trigone is located in the axis 
of the aortic root, just beneath the 
hinge region of the anterior leaflet. 
This hinge region extends between 
the left and the right fibrous trig¬ 
ones as an obtuse angled ridge with 
the planes of the left trigone and the 
nonappositional area of the leaflet. 
In systole, the nonappositional area 
of the leaflet is positioned in the 
plane of the left ventricular ostium. 
The hinge area of the leaflet meets 
the nonappositional part of the 
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anterior leaflet almost at right an¬ 
gle (Fig. 6.54). The appositional 
portion of the leaflet closes with 
the nonappositional part, also at 
right angles. The junction of these 
two parts is just distal to the sec¬ 
ond-generation chordae of the mi¬ 
tral leaflet (Fig. 6.54). Note that the 
left and right fibrous trigones are 
located in the frontal plane, and 
that the attachment of the anterior 
leaflet is just posterior to this plane. 
During diastole, the anterior leaflet 
moves anteriorly to lie in the fron¬ 
tal plane; at this point of the cardi¬ 
ac cycle the anterior leaflet is the 
only morphological border be¬ 
tween the inflow and outflow tracts 
of the left ventricle (Fig. 6.53). How¬ 
ever, during systole (as seen in 
Fig. 6.54), the nonappositional area 
is displaced in the plane of the left 
ventricular ostium, and directed 
inferiorly. 

Two segments resulting from a 
vertical incision of the closed mi¬ 
tral valve are shown in Figs. 6.55 
and 6.56. The incision plane is an¬ 
terolateral and runs through the 
middle of the anterior and posteri¬ 
or leaflets. The two specimens have 
been everted and are inspected 
from superior lateral view. In the 
left half of the specimen in Fig. 6.55, 
the mitral valve is inspected from 
the right superior posterior view. 
The nonappositional zones of the 
posterior and anterior leaflets are 
positioned almost in a horizontal 
plane. The closing line of the leaflet 
runs laterally toward the anterior 
commissure. The commissural 
zone is posterior to the left fibrous 
trigone, which is indicated by a 
very prominent invagination and is 
located anterior and superior to the 
commissural zone. 
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Fig. 6.55. Right 
posterior view 
of the closed 
mitral valve 
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Fig. 6.56. Left anterior view of the closed mitral valve 
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The right half of the specimen is viewed from the left 
posterior superior view. The nonappositional area pro¬ 
vides the closing surface of the leaflet, the appositional 
part of the leaflets is in almost a horizontal plane. The 
closing line runs toward the posterior commissure. The 
right fibrous trigone is also indicated with a shallow 
groove that is positioned anterior to the posterior com- 
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6.2 Surgical Anatomy of the Mitral Valve 

6.2.1 Standard Right Paraseptal Approach to the Mitral Valve 


6.2.1.1 Median Sternotomy for Mitral 
Valve Surgery 

The median sternotomy is per¬ 
formed as described in Chap. 2. 
After the skin incision, the sternal 
bone is split in the middle a stan¬ 
dard sternal spreader is inserted. 
The retrosternal fat tissue is pre¬ 
pared down to the anterior sheath 
of the pericardium, as shown in 
Fig. 6.57. The fat tissue is dissected 
up to the brachiocephalic vein. In 
most cases, the thymic vein is pre¬ 
sent as an open vessel, which 
should be ligated during this step 
of the procedure. 

The pericardium is incised in an 
inversed “T” shape. To find the 
middle of the anterior pericardial 
sheath, the groove between the 
ascending aorta and the pulmonary 
trunk must be identified. The bor¬ 
der between the two great vessels 
may be seen on the anterior sheath 
of the pericardium as a shallow 
invagination of the pericardium. 
The incision is made over this bor¬ 
der, with the distal extension 
toward the diaphragm. The distal 
end point of the vertical incision is 
performed just superior to the dia¬ 
phragm. A horizontal incision is 
then performed to the left and 
right (Figs. 6.57 and 6.58). After the 
pericardial incision is completed, a 
sternal spreader is inserted; the 
edges of pericardium are lifted and 
fixed to the skin (Fig. 6.58). The 
anterior surface of the heart is thus 
exposed. The great vessel must now 
be inspected and exposed. 

Following exposure of the heart 
and the great vessels, a cardiopul¬ 
monary bypass is established with 
the aid of venous and arterial can- 
nulations, and the heart is arrested 
using antegrade or retrograde 
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Fig. 6.57. Pericardial incision 
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Fig. 6.58. Anterior surface of the heart following median sternotomy 
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Fig. 6.59. Exposure of the posterior interatrial sulcus 
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Fig. 6.60. Opening incision of the left atrium 


blood cardioplegia. The superior 
and inferior vena cavae are mobi¬ 
lized widely to expose the posterior 
areas of the left and right atria. The 
right auricle is then grasped and 
pulled to the left side, exposing the 
entire right lateral surface of the 
right and left atria (Figs. 6.59 and 
6.60). The posterior wall of the 
right and left atria with the poste¬ 
rior interatrial sulcus is thus 
brought almost into the vertical 
plane (Fig. 6.59). The right pulmo¬ 
nary vein is visible on the speci¬ 
men, with the superior and inferior 
vena cavae. The interatrial sulcus is 
positioned between the intercaval 
line and the right pulmonary veins. 
The right pulmonary veins open 
into the right part of the left 
atrium, and are located inferior to 
the interatrial sulcus (Figs. 6.59 and 
6.60). The interatrial sulcus divides 
the left and right posterior walls 
and indicates the position of the 
interatrial septum. In Fig. 6.59, the 
sulcus is found superior to the left 
and right pulmonary veins 
(Figs. 6.59 and 6.60). In order to 
expose the mitral valve using the 
traditional left transatrial 
approach, the left atrium is incised 
parallel to the interatrial groove. 
The incision is extended behind the 
superior vena cava and a consider¬ 
able distance below the inferior 
vena cava (Fig. 6.60). On the sche¬ 
matic drawing (Fig. 6.60), the posi¬ 
tion of the incision is shown with a 
dashed line, inferior to the inter¬ 
atrial sulcus and superior to the 
right pulmonary veins. 
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A specifically designed self-retain¬ 
ing retractor with three blades is 
now used to facilitate the exposure. 
The operating table is rotated away 
from the surgeon to the left of the 
patient. The mitral valve is inspect¬ 
ed from the right superior posteri¬ 
or direction. In Fig. 6.61 and the 
corresponding schematic drawing 
(Fig. 6.62), the mitral valve is in the 
closed position, as during systole. 
From this viewpoint, the entire cir¬ 
cumference of the annulus may be 
inspected, as well as the position of 
the leaflets and any pathological 
changes (Figs. 6.61 and 6.62). The 
annulus is seen as a thin, dark line 
positioned at the transition be¬ 
tween the leaflets and the atrium. 
Shallow invaginations of the anteri¬ 
or annulus, just in front of the ante¬ 
rior and posterior commissures, in¬ 
dicate the position of the left and 
the right fibrous trigones. The clos¬ 
ing line of the mitral valve is slight¬ 
ly curved and between two com¬ 
missures, its concavity directed to 
the right and superiorly (Figs. 6.61 
and 6.62). 


Fig. 6.62. Exposure of the mitral valve, 
schematic drawing 
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Fig. 6.61. Exposure of the mitral valve 
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Anterior leaflet 



The subvalvular apparatus of the 
leaflet will now be exposed. To 
expose the anterior papillary mus¬ 
cle, a retractor is placed into the 
left anterior position to retract the 
anterior leaflet of the mitral valve 
(Figs. 6.63 and 6.64). In this expo¬ 
sure, the head of the papillary mus¬ 
cle and the chordae tendineae that 
originate from it may be observed. 
The papillary muscle in this case 
has only one head. The chordae 
tendineae running to the anterior 
leaflet, to the commissural zone, 
and to the posterior leaflet are eas¬ 
ily identified (Figs. 6.63 and 6.64). 

Fig. 6.63. Exposure of the anterior papillary 
muscle 
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To assess the posterior leaflet, the 
retractor must be displaced to a 
right posterior position, exposing 
the posterolateral commissure and 
the posterior papillary muscle 
(Figs. 6.65 and 6.66). The posterior 
papillary muscle in this case pre¬ 
sents two heads, one anterior and 
one posterior. The chordae that 
originate from the anterior head 
run to the anterior leaflet, and 
those from the posterior head 
anchor the posterior leaflet. The 
commissural zone is anchored to 
the medial parts of the anterior and 
posterior leaflets (Figs. 6.65 and 
6 . 66 ). 

Fig. 6.65. Exposure of the posterior papil¬ 
lary muscle 
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Although mitral pathology is usu¬ 
ally obvious, it is important to per¬ 
form a complete assessment. The 
annulus is evaluated systematically 
for dilatation and/or deformity. 
Leaflets and leaflet motion are 
examined next. Nerve hooks are 
used to assess leaflet pliability and 
leaflet prolapse or restriction. 
Lesions that produce regurgitation 
with prolapse include chordal rup¬ 
ture, chordal elongation, papillary 
muscle rupture, and papillary mus¬ 
cle elongation. After assessing the 
leaflets, the chordae are examined 
to evaluate their length, thickening, 
fusion, or rupture. Finally, the pap¬ 
illary muscles are assessed for elon¬ 
gation or rupture secondary to 
infarction. 


Fig. 6.66. Exposure of the posterior 
papillary muscle, schematic drawing 
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Fig. 6.67. Exposure of the pericardium following “J” sternotomy 
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Fig. 6.68. Pericardial incision 


6.2.1.2 "J" Sternotomy for Mitral 
Valve Surgery 

Nowadays, a variety of less inva¬ 
sive approaches have been devel¬ 
oped to perform isolated mitral 
valve surgery. Chest wall incisions 
include lower sternotomy, partial 
upper sternotomy, right paraster¬ 
nal thoracotomy, and right thora¬ 
cotomy. Excellent results have 
been reported with each of these 
approaches. 

The “J” sternotomy is also called 
the lower sternotomy. After com¬ 
pletion of the skin incision be¬ 
tween the second and fourth inter¬ 
costal spaces and exposure of the 
appropriate part of the sternum, a 
sternotomy is performed. A spe¬ 
cially designed sternum spreader 
is inserted and the retrosternal 
space is exposed, as shown in Fig. 
6.67. The fat tissue is dissected 
down to the pericardium, exposing 
the anterior pericardial sheath, 
and then up to the left brachioce¬ 
phalic vein (Fig. 6.67). The thymic 
veins must be ligated during the 
dissection of the fat tissue. Note 
that only the middle of the cardiac 
mediastinum is exposed. However, 
this is not obvious while the peri¬ 
cardium remains closed, especially 
to one who does not routinely per¬ 
form this minimally invasive pro¬ 
cedure. 

The pericardial incision is per¬ 
formed at the middle of the anteri¬ 
or pericardial sheath, which lies 
over the sulcus and between the as¬ 
cending aorta and pulmonary 
trunk (Figs. 6.67 and 6.68). In most 
cases, the pericardium is grasped 
with two forceps and lifted away 
from the heart. The incision is per¬ 
formed using electrocautery; scis¬ 
sors are then used to extend the 
pericardial incision. The cranial in¬ 
cision is extended inferior to the 
brachiocephalic vein; inferiorly, the 
pericardium is opened as far as 
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possible (Fig. 6.68). The pericar¬ 
dium is then opened, lifted, and 
fixed to the sternum spreader. 

One can postulate that by using 
this approach, the components of 
the middle mediastinum can be 
exposed, revealing the ascending 
aorta, pulmonary trunk, left supe¬ 
rior vena cava, right atrium, and 
the superior one-thirds of the left 
and right ventricles (Fig. 6.69). As 
mentioned previously, a bicaval 
venous cannulation must also be 
performed. The superior vena cava 
is exposed immediately lateral to 
the ascending aorta; however, 
exposure of the inferior vena cava 
requires some effort. To achieve 
optimal exposure of the inferior 
vein, the right atrium must be lift¬ 
ed and pulled caudally (Fig. 6.70). 
The inferior vena cava is seen in 
the right inferior corner; however, 
for a safe venous cannulation, the 
purse-string sutures may be posi¬ 
tioned on the inferior wall of the 
right atrium, just superior to the 
inferior vena cava. With the same 
mobilization maneuver and pulling 
the right atrium more superiorly, 
the posterior wall of the left atrium 
is exposed (Fig. 6.70). In addition, 
the operating table may be turned 
to the left to facilitate the exposure. 
The superior and inferior vena ca- 
vae are mobilized widely. A tourni¬ 
quet is placed around the inferior 
vena cava, with traction directed 
toward the patient’s feet; this fur¬ 
ther elevates the right side of the 
heart. The entire length of the pos¬ 
terior interatrial sulcus may thus be 
exposed, and is a very important 
landmark. The interatrial sulcus is 
just inferior to the line connecting 
the ostia of both vena cava, and su¬ 
perior to the right pulmonary veins 
(see Figs. 6.70 and 6.71). 


Aorta Right ventricle 



Superior vena cava Right atrium 

Fig. 6.69. Anterior surface of the heart as seen in “J” sternotomy 


Aorta Inferior vena cava Right atrium 



Superior vena cava Left atrium 


Fig. 6.70. Exposure of the posterior interatrial sulcus 
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The incision of the left atrium is 
placed inferior to the interatrial 
sulcus and superior to the openings 
of the pulmonary veins. In this 
exposure (Figs. 6.70 and 6.71) the 
incision is extended interiorly, 
reaching the inferior vena cava. A 
specially designed self-retaining 
retractor with three blades is also 
used here to facilitate the exposure. 
In this case, exposure of the mitral 
valve is aided by inserting two 
sutures at the area of the left and 
right fibrous trigones. 


Fig. 6.71. Opening incision of the left 
atrium, schematic drawing 



Left fibrous trigone Anterior leaflet Right fibrous trigone 


With traction toward the right side 
of the patient, the whole mitral 
valve apparatus is lifted (Figs. 6.72 
and 6.73). This maneuver is used to 
expose the entire circumference of 
the annulus (marked as dashed 
line); the leaflets are closed in the 
presented specimen, as in systole. 


Anterolateral commissure 


Posterior leaflet 


Posterolateral commissure 


Fig. 6 .72. Exposure of the mitral valve and 
the annulus fibrosus 
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Fig. 6 .73. Exposure of the mitral valve and 
the annulus fibrosus, schematic drawing 




Brachiocephalic vein Pericardium 


Fig. 6.74. Exposure of the pericardium following “j” sternotomy 


6.2.1.3 "j" Sternotomy for Mitral 
Valve Surgery 

The “j” sternotomy is known in the 
literature as an upper, minimally 
invasive sternotomy. The procedure 
is described in detail in Chap. 2. 

The skin incision is performed 
between the sternal notch and the 
fourth sternocostal junction. The 
subcutaneous fat tissue is subse¬ 
quently dissected and the anterior 
level of the bone is exposed. An 
oscillating saw is used for the par¬ 
tial superior “j” sternotomy. A ster¬ 
nal spreader designed specifically 
for minimally invasive surgery is 
then inserted. The prepericardial 
fat tissue is dissected down to the 
pericardium, and after identifica¬ 
tion of the anterior sheath of the 
pericardium, the dissection is carried out caudally to 
identify the left innominate vein (Fig. 6.74). Normally, 
the thymic veins are identified and ligated at this level; 
the left brachiocephalic vein is found easily by tracing 
the thymic vein. Note that in this approach, structures 
belonging to the superior mediastinum may also be 
exposed. 


The brachiocephalic vein is identified, dissected, and 
slightly elevated from the aortic arch with aid of purse 
strings. Note that the left brachiocephalic vein is posi¬ 
tioned just behind the sternal notch and in front of the 
aortic arch and the right brachiocephalic trunk (Fig. 
6.74). The pericardium is incised an inversed <£ T” fash¬ 
ion, the vertical incision beginning in the middle of 
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Pulmonary trunk Right ventricle 



Brachiocephalic vein 

Fig. 6 .75. Pericardial incision, schematic drawing 



Pulmonary trunk 


Right atrium 


the anterior pericardial sheath. Ini¬ 
tially, the pericardium is elevated 
between two forceps, and a stab 
incision is made. The dissection is 
extended caudally and cranially 
with scissors (Fig. 6.75). The hori¬ 
zontal incision is performed at the 
caudal endpoint of the vertical 
pericardial incision. The edges of 
the dissected pericardium are lifted 
and fixed to the sternal spreader. In 
this way, the heart is elevated for 
better exposure (Fig. 6.76). The 
entire ascending aorta and initial 
part of the aortic arch are exposed. 
The brachiocephalic trunk may be 
also identified. The superior vena 
cava and its opening into the right 
atrium are identified inferior to the 
ascending aorta. The right auricle 
lies on the initial part of the as¬ 
cending aorta. The pulmonary 
trunk may also be traced from its 
beginning to its bifurcation at the 
posterior aspect of the ascending 
aorta (Fig. 6.76). With caudally 
directed traction of the left atrium, 
the inferior vena cava may be ex¬ 
posed, allowing a bicaval cannula- 
tion to be performed. The aortic 
cannula may be inserted into the 
ascending aorta or into the aortic 
arch. 


Ascending aorta 


Superior vena cava 


Fig. 6.76. Exposure of the heart following 
“j” sternotomy 
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The interatrial sulcus and the pos¬ 
terior wall of the left atrium are 
exposed with elevation of the right 
atrium to the left. The posterior 
wall of the left atrium thus lies al¬ 
most in a horizontal plane (Fig. 6.77). 
The superior right vein is found 
just behind the opening of the 
superior vena cava into the right 
atrium; the superior part of the 
interatrial sulcus (indicated by 
dashed line) is positioned between 
these two structures (Fig. 6.77). The 
inferior vena cava is at the right 
inferior angle of the exposed peri¬ 
cardium. 


Fig. 6 .77. Incision of the left atrium 
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The left atrial incision is positioned 
just inferior to the interatrial sul¬ 
cus. The superior limitation of the 
incision is the upper most edge of 
the superior right pulmonary vein, 
and the inferior limitation is at the 
angle between the inferior right 
pulmonary vein and the inferior 
vena cava (Fig. 6.78). 


Fig. 6.78. Incision of the left atrium, 
schematic drawing 
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Anterior leaflet 



Posterior leaflet 

Fig. 6.79. Exposure of the mitral valve 
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After opening the left atrium on its 
right side, a special minimally inva¬ 
sive retractor is inserted and the 
ostium of the mitral valve is ex¬ 
posed (Figs. 6.79 and 6.80). To facil¬ 
itate the exposure of the annulus 
fibrosus, two purse-string sutures 
may be placed to the left and right 
commissural areas, which may be 
subsequently pulled superiorly, 
thus lifting the entire ostium of the 
mitral valve. The entire circumfer¬ 
ence of the annulus can be seen in 
Figs. 6.79 and 6.80. Because of the 
minimally invasive approach and 
the resulting restricted exposure 
space, the plane of the leaflet is pre¬ 
sented obliquely. The axis of the 
plane runs from the right superior 
toward the inferior left direction. 
The anterior commissure seems in 
this exposure to be posterior as 
compared to the posterior commis¬ 
sural zone (Fig. 6.79 and 6.80). 



Fig. 6.80. Exposure of the mitral valve, 
schematic drawing 















6.2 Surgical Anatomy of the Mitral Valve 333 


6.2.1.4 Anterolateral Thoracotomy for 
the Mitral Valve Surgery 

A right anterolateral thoracotomy 
is useful in patients with a previous 
sternotomy and patent coronary 
artery bypass grafts in the midline. 
The incision details are described 
in Chap. 2. The patient is in the left 
lateral supine position and the skin 
incision is performed on the right 
lateral chest wall. After the subcu¬ 
taneous fat tissue is dissected and 
the appropriate intercostal space is 
opened, the thorax spreader is 
inserted. The left lung is retracted, 
bringing the right lateral surface of 
the pericardium into the view (Fig. 
6.81). Note that the right phrenic 
nerve, which runs on the pericardi¬ 
um and down to the diaphragm, is 
in front of the right pulmonary 
root (Fig. 6.81). The nerve is con¬ 
joined with the pericardiacophre¬ 
nic artery and vein. The artery 
branches off from the right internal 
thoracic artery. When it reaches the 
angle between the pericardium and 
the diaphragm, the nerve divides of 
into branches that pierce the mus¬ 
cle, and are distributed under its 
surface. The area of this division 
normally covers the extensive re¬ 
gion of the fat-tissue condensation 
(Fig. 6.81). 

The nerve enters the thoracic 
cavity in front of the subclavian ar¬ 
tery and behind the subclavian 
vein. Initially, the nerve then 
crosses the internal mammary ar¬ 
tery, near its origin. From here on, 
the nerve runs along the lateral as¬ 
pect of the superior vena cava. The 
course of the nerve is presented 
herein from the inferior view 
(Fig. 6.82). Note that the azygos 
vein arches forward over the root of 
the right lung, and ends in the su¬ 
perior vena cava, just before it pen¬ 
etrates the pericardium. 


Chest wall Phrenic nerve Pericardium 



Right lung Diaphragm 


Fig. 6.81. Right lateral sheath of the pericardium following anterolateral thoracotomy 


Azygos vein Superior vena cava Chest wall 



Phrenic nerve Pericardium 


Fig. 6.82. Right phrenic nerve and its relationship to the superior vena cava 
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Right atrium 

Pericardium 



Phrenic nerve Right lung 
Fig. 6.83. Incision of the pericardium 


The pericardial incision is made 
horizontally, as presented in Fig. 6.83 
(dashed line), and should be posi¬ 
tioned approximately two finger- 
breadths superior to the phrenic 
nerve. After the incision is com¬ 
pleted, the edges of the pericardi¬ 
um are retracted by staying sutures 
(Fig. 6.84). The central position in 
this exposure serves the right auri¬ 
cle with the superior vena cava. 

The latter is inferior and to the 
right relative to the ascending aor¬ 
ta, which appears as a straight tube. 
The right ventricle maybe seen su¬ 
perior to the right auricle (Fig. 6.84). 
The right-posterior surface of the 
left atrium must be exposed. This is 
achieved by positioning the staying 
sutures into the superior and infe¬ 
rior ends of the interatrial sulcus. 
Pulling on these sutures rotates the 
posterior surface of the left atrium, 
thus exposing it (Fig. 6.85). The 
right pulmonary veins, and the su¬ 
perior and inferior vena cavae may 
be visualized here. 


Ascending aorta Right ventricle 



Superior vena cava Sinoatrial node Right atrium 

Fig. 6.84. Exposure of the right atrium 
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Fig. 6.85. Exposure of the posterior interatrial sulcus and the poste¬ 
rior wall of the left atrium 
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The left atrial incision is performed 
just superior to the ostium of the 
right pulmonary veins (Fig. 6.86, 
dashed line). The left atrium is 
opened using a minimally invasive 
retractor, exposing the whole valve 
(Fig. 6.87). 


Fig. 6.86. Incision of the left atrium 


Fig. 6.87. Exposure of the mitral valve 
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Phrenic muscle Right lung Diaphragm 

Fig. 6.88. Right lateral sheath of the pericardium following lateral thoracotomy 


Ascending aorta Right atrium Right ventricle 



Superior vena cava 

Fig. 6.89. Exposure of the right heart as seen following the lateral thoracotomy 


6.2.1.5 Lateral Thoracotomy for the 
Mitral Valve Surgery 

This minimally invasive approach 
is discussed in Chap. 2, Sect. 2.2.1. 
Many surgeons prefer the hemister- 
notomy approach for mitral valve 
exposure; however, the right mini¬ 
thoracotomy yields excellent direct 
vision in videoscopic or direct 
mitral valve access. To access the 
left atrium directly, while maintain¬ 
ing a limited-access minithoracot¬ 
omy, a 10- to 12-cm incision should 
be placed in the submammary fold 
along the anterior axillary line. The 
skin incision is performed on the 
right lateral thorax wall. To facili¬ 
tate the exposure, the right chest 
wall may be elevated by approxi¬ 
mately 30°. In most cases, the tho¬ 
rax cavity is opened at the fourth 
intercostal space. The fourth and 
fifth ribs are retracted using a spe¬ 
cial minimally invasive spreader. If 
the skin incision is 10-12 cm lon¬ 
ger, the procedure may be per¬ 
formed without using a video- 
assisted technique. However, this 
incision may be combined with 
either port-access methods or with 
modified standard perfusion tech¬ 
niques. A smaller 4- to 5-cm inci¬ 
sion with minimal rib retraction 
can be used in video-assisted cases 
and is large enough for the passage 
of a prosthesis. 

After the insertion of the spread¬ 
er, the right superior lobe of the 
right lung is retracted. The right 
lateral sheath of the pericardium is 
exposed, as seen on the Fig. 6.88. 
The phrenic nerve and the con¬ 
joined vessels must be identified. 
Note that the right phrenic nerve 
runs in front of the pulmonary 
root. The pericardium is incised in 
a horizontal direction. Most sur¬ 
geons first elevate the pericardium 
with two forceps, and then a stab 
incision is made using electrocau¬ 
tery. This initial perforation of the 
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pericardium is performed approxi¬ 
mately at the middle of the pericar¬ 
dium, about one finger-breadth su¬ 
perior to the course of the phrenic 
nerve. The stab incision of the peri¬ 
cardium is then extended proxi- 
mally and distally. In normal cases, 
the incision is about 6-8 cm long. 
The edges of the pericardium are 
then fixed to the thorax spreader. 

In this way, the right lateral aspect 
of the right atrium, and the superi¬ 
or and the inferior vena cavae are 
exposed. Note that the entire length 
of the ascending aorta is exposed 
and is placed more centrally and 
superiorly relative to the superior 
vena cava (Fig. 6.89). 

To facilitate exposure of the pos¬ 
terior part of the interatrial sep¬ 
tum, two purse-string stitches are 
placed into the posterior wall of the 
right atrium. The superior stitch 
lays near to the superior vena cava; 
note that this stitch must be placed 
distal to the terminal sulcus. The 
inferior stitch is placed at the con¬ 
nection between the inferior vena 
cava and the right atrium (Fig. 6.90). 
The threads are then pulled superi¬ 
orly and fixed to the spreader. The 
posterior part of the interatrial sep¬ 
tum can now be exposed. The supe¬ 
rior vena cava is located at the su¬ 
perior edge of the posterior inter¬ 
atrial sulcus. The opening of the in¬ 
ferior vena cava is located just su¬ 
perior to the inferior edge of the 
septal sulcus. The axis of the vein 
subtends an angle of approximately 
45° with the axis of the sulcus. In 
this exposure, the right pulmonary 
veins are almost in a horizontal 
plane (Fig. 6.90). 

The atrial incision is made on 
the posterior wall of the left atrium 
(Fig. 6.91 ). The opening cut is 
placed superior to the insertion of 
the pulmonary veins and inferior 
to the posterior interatrial septum. 
Following opening of the left atri- 
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Fig. 6.90. Exposure of the posterior interatrial sulcus 
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Fig. 6.91 . Incision of the left atrium Left atrium 
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Anterior leaflet 
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um, a special three-horned retrac¬ 
tor is inserted into it, revealing the 
mitral valve leaflets and the annu¬ 
lus (Figs. 6.92 and 6.93). 


Fig. 6.92. Exposure of the mitral valve 
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Fig. 6.93. Exposure of the mitral valve, 
schematic drawing 
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Left brachiocephalic vein 


6.2.2 Superior Transseptal Approach to the 
Mitral Valve 

6.2.2.1 Median Sternotomy for the Superior Transseptal 
Approach 

The skin incision and median sternotomy are per¬ 
formed as described previously. The sternum spreader 
is inserted and the retrosternal space is exposed (Fig. 
6.94). The fat tissue is dissected down to the anterior 
sheath of the pericardium; subse¬ 
quently, the thymic veins are traced 
up to the left brachiocephalic vein. 

After dissection of the left brachio¬ 
cephalic vein away from the sur¬ 
rounding fat tissue, the pericar¬ 
dium maybe opened (see Fig. 6.94). 

The pericardium is opened in the 
inverse “T” fashion, the vertical 
incision beginning just inferior to 
the brachiocephalic vein, over the 
sulcus between the pulmonary and 
aortic roots. It is extended down to 
the diaphragm, from which point a 
horizontal pericardial incision is 
made. After the pericardium is 
opened, the sternocostal surface of 
the heart is exposed. 

The cardiopulmonary bypass can 
now be established between the 
bicaval venous cannulation and 
cannulation of the ascending aorta. 

At this point, the operating table is 
rotated to the left, facilitating expo¬ 
sure of the anterior interatrial sul¬ 
cus and the anterior wall of the left 
atrium. The right atrium is then 
incised, beginning inferior to the 
terminal sulcus. This part of the 
incision is particularly important 
because the sinoatrial node is 
found at the junction of the supe¬ 
rior vena cava and the right atrium 
in the terminal sulcus. To avoid the 
damage to this very important 
structure, and the genesis of the 
postoperative rhythm disturbances, 
the right atrial incision must be 
performed distally from the termi¬ 
nal sulcus. The opening incision is 
extended in a diagonal direction 
toward the opening of the inferior 


vena cava. The opening cut of the right atrium is about 
5-7 cm long (see Fig. 6.95 dashed line). Before proceed¬ 
ing further, the most important structures in the right 
atrium must be identified: the opening of the coronary 
sinus, the oval fossa, and the tricuspid leaflet. Note that 
the opening of the coronary sinus is in this case covered 
by its leaflet. The leaflet of the coronary sinus ostium in 
the right atrium may exhibit several morphological var¬ 
iants, such as membranous structures that may close off 


Pericardium 


Fig. 6.94. Exposure of the pericardium following median sternotomy 
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Left brachiocephalic vein Superior vena cava Sinoatrial node Right atrium 
Fig. 6.95. Incision of the right atrium for a superior biatrial approach 
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Fig. 6.96. Exposure of the right atrial cavity 



the ostium of the coronary sinus as 
a leaflet, and net-like structures 
positioned at the ostium of the 
sinus. Recognition of these variants 
is of clinical importance for the 
insertion of a cannula for retro¬ 
grade cardioplegia. If the leaflet is a 
solid structure, for example, inser¬ 
tion of the retrograde cannula may 
be difficult. In the presented case, 
the leaflet of the coronary sinus 
ostium seems to be netlike in struc¬ 
ture (Fig. 6.96). The opening of the 
inferior vena cava is positioned 
inferior to the oval fossa (Figs. 6.96 
and 6.97). The interatrial septum is 
in the plane of the oval fossa, and is 
located posterior to the ostium of 
the superior vena cava (Fig. 6.97) 
and lateral to the tricuspid valve 
and the opening of the inferior 
vena cava. The borders of the inter¬ 
atrial septum are marked with a 
dashed line in Fig. 6.97. 


Fig. 6.97. Exposure of the right atrial cavity, 
schematic drawing 
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Now the mitral valve is exposed by 
using a superior transseptal inci¬ 
sion of the atrial septum. The inci¬ 
sion is extension of the superior 
end of the right atrial incision. 
First, the anterior wall of the right 
atrium is opened. Reaching the an¬ 
terior edge of the septum, the inci¬ 
sion runs downward to the anterior 
wall of the left atrium. The opening 
cut opens the interatrial septum 
and ends at the inferior limb of the 
oval fossa (Fig. 6.98). The course of 
the incision is seen on the schemat¬ 
ic drawing, wherein a dashed line 
indicates the incision direction 
(Fig. 6.99). 

Fig. 6.98. Exposure of the anterior wall of 
the left atrium 
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Fig. 6.99. Excision of the anterior wall 
of the left atrium 
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The exposed left and right atria are 
shown in Fig. 6.100 and the corre¬ 
sponding schematic drawing (Fig. 
6 . 101 ). The anterior wall of the left 
atrium is opened in an inversed “V” 
fashion. The apex of the virtual “V” 
is at the level of the opening of the 
superior vena cava, at the anterior 
superior edge of the interatrial sep¬ 
tum. The anterior shaft of the “V” 
incision opens the anterior part of 
the atrial wall, and the inferior shaft 
of the “V” incision opens the inter¬ 
atrial septum. A special left-atrial re¬ 
tractor is then inserted into the left 
atrium, exposing the mitral valve. 


Fig. 6.100. Cavity of the right and left atria 
as seen following biatrial incision 
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Fig. 6.101. Mitral valve as seen following 
biatrial incision 
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The mitral leaflet is seen from the 
right superior view in Fig. 6.102, 
wherein the annulus fibrosus lies 
almost in a vertical position. This 
exposure and anatomical situation 
is very comfortable for the operat¬ 
ing surgeon. Not only is the entire 
circumference of the annulus fibro¬ 
sus visible, but also both leaflets 
and the commissural zones are 
brought very clearly into view. The 
anterior leaflet is in this projection 
superior to the posterior leaflets. 
Both commissures lie in a horizon¬ 
tal plane (Fig. 6.102). Two slight 
depressions in the tissue may be 
found at the level of the annulus 
fibrosus, on the left and right sides 
of the anterior leaflet. These 
smooth recesses, which are located 
slightly superior to the posterior 
leaflet, indicate the position of the 
left and right fibrous trigones. Note 
the right fibrous trigone is a very 
good indicator for the position of 
the AVN; this will be discussed in 
detail in Chap. 10. 

This exposure allows the mor¬ 
phology of the subvalvular appara¬ 
tus to be examined. The anterolate¬ 
ral commissure is lifted, revealing 
the anterior papillary muscle and 
the chordae tendineae (Fig. 6.103). 
Note that in this case, the papillary 
muscle has only one head, and that 
the chordae originating from the 
anterior part of the head are con¬ 
nected to the anterior leaflet. The 
course of the anterior chordae may 
be identified clearly. The chordae 
from the middle part of the papil¬ 
lary muscle head run to the com¬ 
missural zone, and those originat¬ 
ing from the posterior part of the 
papillary muscle run to the poste¬ 
rior leaflet (Fig. 6.103). 
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Fig. 6.102. Components of the mitral valve 
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Fig. 6.103. Anterolateral papillary muscle 
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Anterior leaflet 



The posterolateral papillary muscle 
may also be explored. The postero¬ 
lateral commissural area is lifted, 
revealing the posterolateral papil¬ 
lary muscle and its subvalvular 
apparatus (Figs. 6.104 and 6.105). In 
this case, the papillary muscle has 
also only one head, and the arrange¬ 
ment and course of the chordae are 
similar to those presented for the 
anterolateral commissure (Fig. 6.104). 
Note that the chordae of the com¬ 
missural zone are thicker than 
those seen at the anterolateral com¬ 
missure (Fig. 6.105). This alteration 
from the normal thickness may be 
due to degenerative changes of the 
subvalvular apparatus. 
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Fig. 6.104. Posterolateral papillary muscle 
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Fig. 6.105. Posterolateral papillary muscle, 
schematic drawing 
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6.2.2.2 "J" Sternotomy for the 

Superior Transseptal Approach 

The minimally invasive “J” sterno¬ 
tomy is described in detail in 
Chap. 2. The skin incision is per¬ 
formed between the second and 
fourth intercostal spaces and the 
sternotomy is achieved using an 
oscillating bone saw. A special ster¬ 
num spreader is inserted and the 
retrosternal fat is dissected down to 
the anterior fibrous sheet of the 
pericardium. The thymic veins are 
ligated. The upper border of the 
sternal incision is at the level of the 
second intercostal space, and so the 
left brachiocephalic vein cannot be 
exposed. Note that the left brachio¬ 
cephalic vein is located behind the 
jugulum, and in this exposure is 
positioned just behind the superior 
part of the sternum (which has not 
been split; Fig. 6.106). Here, the 
superior and inferior borders of the 
sternotomy may be seen clearly. 
Note the limited exposure of the 
pericardium. The superior vena 
cava and transition of the vein into 
the pericardial space is clearly visi¬ 
ble at the right superior corner. 
This precise anatomical situation is 
not often seen in native specimens, 
because the superior vena cava is 
usually located behind the ascend¬ 
ing aorta. In the presented case, the 
extrapericardial segment of the 
vein is positioned more superiorly 
than the aorta, and consequently 
the aforementioned transition is 
clearly exposed. Note that on enter¬ 
ing the pericardial space, the 
course of the superior vena cava is 
located behind the ascending aorta. 
The pericardium is then exposed 
with the aid of an opening inversed 
“T” incision (Fig. 6.107). The peri¬ 
cardial edges and the sternocostal 
surface are fixed; consequently, the 
sternocostal surface of the heart is 
exposed (Fig. 6.108). The ascending 
aorta is positioned to the right of 
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Sternum Superior vena cava Pericardium 


Fig. 6.106. Exposure of the pericardium following “J” sternotomy 
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Fig. 6.107. Pericardial incision Aorta 
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Ascending aorta Right ventricle 



Right atrium 

Fig. 6.108. Exposure of the heart following “J” sternotomy 


Ascending aorta 


Right atrium Sternum 



and superior to the pulmonary 
trunk. The intrapericardial course 
of the vena cava is inferior relative 
to the ascending aorta. Note that in 
the suprapericardial part, the supe¬ 
rior vena cava is relatively superfi¬ 
cial; however, in the intrapericar¬ 
dial part, the vein is relatively deep. 
The auricle of the right atrium may 
be seen to the right of the infundib¬ 
ulum of the right ventricle, cover¬ 
ing the right aspect of the right cor¬ 
onary sinus (Fig. 6.108). Note that 
the lateral wall of the right atrium 
is located relatively deep in the pre¬ 
sented case. Consequently, expo¬ 
sure of the right lateral wall of the 
right atrium in order to enable a 
right atrial incision requires rota¬ 
tion of the operating table to the 
right. In addition, the right ap¬ 
pendage may be grasped and 
pulled superiorly and to the left to¬ 
ward the infundibulum, thus ex¬ 
posing the entire lateral wall of the 
right atrium (Fig. 6.109). Only this 
does allow identification of the 
opening of the superior vena cava 
into the right atrium and the termi¬ 
nal sulcus, but also the inferior ve¬ 
na cava can be brought into view 
(Fig. 6.109). The inferior vena cava 
is in the inferior right corner of the 
specimen. The ascending aorta lies 
near to the sinoatrial node area, 
which is marked by fat-tissue con¬ 
densation at the top of the terminal 
sulcus (Fig. 6.109). 


Superior vena cava 
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Terminal sulk 


Inferior vena cava Diaphragm 


Fig. 6.109. Opening incision of the right 
atrium, indicated by a dashed line 
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The incision of the right lateral 
atrial wall is made as described 
previously, running in a diagonal 
direction between the uppermost 
part of the terminal sulcus and the 
ostium of the inferior vena cava 
(Figs. 6.109, see dashed line, and 
6 . 110 ), thus opening the right 
atrium (Fig. 6.111). The opening of 
the inferior vena cava is found at 
the right inferior part of Fig. 6.111 . 
Note that the valve of the inferior 
vena cava may be also seen; in the 
literature, this valve is also known 
as the Eustachian valve. In every 
case, the Eustachian valve is a very 
prominent structure. The proximal 
attachment of the valve reaches to 
the inferior limb of the oval fossa 
and continues into the Eustachian 
ridge. This ridge is a direct contin¬ 
uation of the inferior edge of the 
oval fossa (also known as the oval 
fossa limb). This muscular fold is 
formed by the reflection of the Eus¬ 
tachian valve and the valve of the 
coronary sinus (also known as the 
Thebesian valve). The interatrial 
septum may be found superior to 
the inferior limb of the oval fossa, 
and the ostium of the coronary 
sinus may be found inferior to the 
leaflet of the inferior vena cava 
(Fig. 6.111 ). The left atrium must be 
opened after opening of the right 
atrium, by using the inverse “V” 
incision of the interatrial septum 
and of the anterior atrial wall. The 
apex of the “V” incision is at the 
anterior superior edge of the inter¬ 
atrial septum. Anterior limb of “V” 
corresponds to the left atrial inci¬ 
sion and inferior limb to the septal 
incision. 
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Fig. 6.110. Opening incision of the right atrium, schematic drawing 
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Fig. 6.111. Exposure of the interatrial septum 
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Fig. 6.112. Incision of the left atrium 


Ascending aorta 



Figs. 6.112 and 6.113. Note that 
before performing the left atrial 
incision, the aortic root must be 
dissected away from the anterior 
wall of the left and right atria. This 
maneuver is essential in order to 
avoid damage to the posterior wall 
of the ascending aorta. 


Fig. 6.113. Left atrial cavity as seen follow¬ 
ing a superior transseptal incision 
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The mitral valve is now exposed by 
inserting a special three-horned 
retractor into the left atrium (Fig. 
6.114). To facilitate the exposure, 
purse strings may be placed at the 
area of annulus fibrosus just over 
the commissural zones. From this 
viewpoint (Fig. 6.114), the entire 
annulus and both leaflets may be 
inspected. In the presented case, 
the mitral valve is in the closed 
position. The commissural zones 
are easily distinguished from the 
anterior and posterior leaflets. 


Fig. 6.114. Mitral leaflet as seen in the 
superior transseptal approach 


Ascending aorta Left fibrous trigone Anterior leaflet Right fibrous trigone 



Right pulmonary artery Posterior leaflet 


6.2.2.3 "j" Sternotomy for the Superior 
Transseptal Approach 

The operative technique for the “j” 
sternotomy is described in Chap. 2. 
The skin incision is performed 
between the jugulum and fourth 
intercostal space, after which the 
subcutaneous fat tissue is dissected 
down to the anterior sheath of the 
sternum. The jugulum must be 
freed from the surrounding tissue, 
as for a standard median sterno¬ 



Fig. 6.115. Pericardial incision 


tomy. The sternotomy is performed 
with the aid of an oscillating saw. 

The retrosternal space is thus ex¬ 
posed and the fat tissue is dissected 
down to the pericardium. The thy¬ 
mic veins must be ligated if appro¬ 
priate. The left brachiocephalic 
vein is exposed and identified, and 
then the pericardium is incised (see Fig. 6.115; the 
course of the incision is marked with dashed line). The 
opening cut of the pericardium is initiated inferior to 
the brachiocephalic vein, and is extended between the 
ascending aorta and pulmonary trunk, toward the infe¬ 
rior part of the exposure. On reaching the most distal 
part of the exposed pericardium, two horizontal inci¬ 
sions are performed. The pericardial edges are then 


lifted using purse strings, which are in most cases fixed 
to the sternal spreader (Fig. 6.116). Note that in this 
exposure the ascending aorta and the initial part of the 
aortic arch are visible. The intrapericardial part of the 
superior vena cava may be observed behind the ascend¬ 
ing aorta. 
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Superior vena cava Right atrium 

Fig. 6.116. Exposure of the right atrium and ascending aorta 
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Fig. 6.117. Incision of the right atrium 
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In the presented case, the pulmo¬ 
nary trunk is in the left lateral 
position relative to the ascending 
aorta. Note that due to the large 
ascending aorta, the pulmonary 
trunk is displaced to the left and 
posterior; thus, the trunk may not 
be seen. However, in this approach 
the right atrium is relatively well 
exposed. If we compare this expo¬ 
sure to that in the “J” sternotomy 
described earlier (Sect. 6 . 2 . 22 ), 
here only the apex of the right 
atrium is seen, along with the junc¬ 
tion of the superior vena cava and 
the right atrium, and the superior 
part of the lateral right atrial wall 
(Fig. 6.116). The inferior segment of 
the right atrium, including the 
opening of the inferior vena cava, is 
not visible. 

To facilitate the exposure of the 
entire right atrium, the operating 
table should be rotated to the left 
side. The auricle may also be 
grasped and pulled superiorly and 
to the left, further improving expo¬ 
sure of the right atrium. The right 
atrium incision is performed in a 
diagonal direction, the initial open¬ 
ing being performed just distal to 
the superior part of the terminal 
sulcus (Fig. 6.117). After comple¬ 
tion of the lateral atrial wall inci¬ 
sion, the cavity of the right atrium 
is exposed (Fig. 6.118). Note that in 
this exposure, the superior anterior 
edge of the interatrial septum is 
just behind the opening of the 
superior vena cava. The oval fossa 
lies in the axis of the inferior vena 
cava and is surrounded by the mus¬ 
cular fold (the oval fossa limb). 

This limb may be found at the 
superior, anterior, and inferior 
parts of the oval fossa; however, the 
part of the oval fossa that lies in the 
axis of the inferior vena cava has 
no muscular fold (Fig. 6.118). The 
transition between the anterior and 
superior folds of the oval fossa 
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Superior vena cava Oval fossa Inferior vena cava Right ventricle 

Fig. 6.118. Exposure of the interatrial septum 
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indicates the position of the ante¬ 
rior superior edge of the interatrial 
septum. It is clear that the septal 
part of the opening cut in the 
transseptal approach should begin 
at the superior anterior edge of the 
interatrial septum (i.e., just behind 
the ostium of the superior vena 
cava at the transition between the 
anterior and superior limbs). The 
incision then proceeds in a diago¬ 
nal direction toward the inferior 
limb of the oval fossa, terminating 
at its edge (see Figs. 6.118 and 
6.119). Note that the inferior limb 
should not be transected; the infe¬ 
rior limb indicates the superior 
border of Koch’s triangle, where the 
AVN and its artery may be found. 

The anterior wall of the left 
atrium is now opened, the incision 
being made in an almost diagonal 
direction. The incision is initiated 
at the superior anterior edge of the 
interatrial septum, and is then 
extended over the anterior wall 
(Fig. 6.119). Finally, the mitral valve 
is exposed, as shown in Fig. 6.120. 
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Fig. 6.119. 
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Fig. 6.121. Pericardium as seen following 
anterolateral thoracotomy 


6.2.2.4 Anterolateral Thoracotomy for the Superior 
Transseptal Approach 

A right anterolateral thoracotomy, as described in Chap. 2, 
may be used as an approach to expose the mitral valve 
by the superior transseptal approach. The skin incision 
is made over the fourth intercostal space, and the pa¬ 
tient is normally in the left supine position. The subcu¬ 
taneous tissue is dissected away and the intercostal 
space is opened over the fifth rib. A thorax spreader is 


then inserted, and the right superior lobe of the lung is 
retracted, revealing the right lateral sheet of the pericar¬ 
dium (Fig. 6.121). The phrenic nerve initially runs on 
the lateral side of the superior vena cava, progressing 
forward on the lateral pericardial sheet, and then turns 
down toward the pulmonary hill. On reaching the hill, 
the phrenic nerve runs straight to the diaphragm (Fig. 
6.121). The pericardial incision is made to two finger- 
breadths over the course of the nerve. It is a horizontal 
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incision, which must be performed 
just over the lateral wall of the right 
atrium (Fig. 6.122). Subsequently, 
the pericardial edges are fixed to 
the thorax spreader with sutures, 
exposing the entire lateral wall of 
the right atrium, the superior and 
inferior vena cavae, and the as¬ 
cending aorta. 


Fig. 6.122. Pericardial incision 
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In the case presented here (Fig. 
6.123), the right atrium is a rela¬ 
tively large structure, with the 
appendage laying over the ascend¬ 
ing aorta. In its superior part, the 
terminal sulcus indicates the bor¬ 
der between the auricle and the 
superior vena cava; in its inferior 
part, the terminal sulcus is posi¬ 
tioned between the real right at¬ 
rium and the right auricle. The 
atrium is opened with a diagonal 
incision placed between the supe¬ 
rior part of the terminal sulcus and 
the opening of the inferior vena 
cava, as described previously 
(Fig. 6.124). The superior vena cava 
is in a horizontal projection, as is 
the oval fossa, which is the most 
important indicator of the inter¬ 
atrial septum. The inferior limb of 
the oval fossa is very well exposed, 
and indicates the maximal exten¬ 
sion of the transseptal incision. 


Right atrium 



Right lung Diaphragm 

Fig. 6.123. Diagonal right atrial incision 
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The ostium of the coronary sinus is 
positioned inferiorly to this muscu¬ 
lar rim (Fig. 6.124). After the most 
important structures of the right 
atrium are identified, the right 
atrium maybe opened. The septum 
is opened from the opening of the 
superior vena cava down to the 
inferior border of the oval fossa. 
However, in some cases, the oval 
fossa is present as a small struc¬ 
ture, and as such, the incision may 
be extended down to the inferior 
limb of the fossa, leaving Koch’s tri¬ 
angle and its structure intact. The 
anterior wall of the left atrium is 
then incised (Fig. 6.125). 

Fig. 6.124. Cavity of the right atrium 
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Fig. 6.125. Transseptal incision 
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The exposed left atrium is pre¬ 
sented in Fig. 6.126, wherein the 
ascending aorta has been dissected 
away from the anterior walls of the 
left and right atria. Prior to open¬ 
ing of the left atrium, the aorta is 
lifted. Note that the left pulmonary 
artery runs over the roof of the left 
and right atria. The inverse <£ V” 
incision of the left atrium is seen 
very clearly on this specimen 
(Fig. 6.126), wherein both legs of 
the inversed “V” incision may be 
observed. 


Fig. 6.126. Exposure of the left and right 
atria 
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The mitral valve is now exposed, as 
is the entire annulus. Note that the 
mitral valve is not in a vertical pro¬ 
jection, and that the part belonging 
to the posterior leaflet seems to be 
placed deeper relative to the part 
belonging to the anterior leaflet. 
The entire leaflet surface appears to 
slant in the anterior direction. The 
axis of rotation is along the inter- 
commissural line (Fig. 6.127). 


Fig. 6 .127. Mitral valve as seen in the trans- 
septal approach 






356 6 Mitral Valve 


Bibliography 

1. Alfieri O, Sandrelli L et al (1991) Optimal exposure of the 
mitral valve through an extended vertical transeptal approach. 
Eur J Cardiothorac Surg 5:294-298; discussion 299 

2. Berreklouw E, Ercan H et al (1991) Combined superior-trans- 
septal approach to the left atrium. Ann Thorac Surg 51:293- 
295 

3. Calleja F, Martinez JL et al (1996) Mitral valve surgery through 
right thoracotomy. J Cardiovasc Surg (Torino) 37 (6 Suppl 1): 
49-52 

4. Casselman FP, Van Slycke S et al (2003) Endoscopic mitral 
valve repair: feasible, reproducible, and durable. J Thorac Car¬ 
diovasc Surg 125:273-282 

5. Chitwood WR Jr, Elbeery JR et al (1997) Video-assisted mini¬ 
mally invasive mitral valve surgery: the micro-mitral opera¬ 
tion. J Thorac Cardiovasc Surg 113:413-414 

6. Cosgrove DM III, Sabik JF (1998) Minimally invasive valve 
operations Ann Thorac Surg 65:1535-1538 

7. Gillinov AM, Cosgrove DM (1999) Minimally invasive mitral 
valve surgery: mini-sternotomy with extended transseptal 
approach. Semin Thorac Cardiovasc Surg 11:206-211 

8. Grossi E, LaPetria A et al (2001) Minimally invasive sterno¬ 
tomy approaches for mitral reconstruction: comparison of 
intermediate term results. J Thorac Cardiovasc Surg 121:708- 
713 


9. Kon ND, Tucker WY et al (1993) Mitral valve operation via an 
extended transseptal approach. Ann Thorac Surg 55:1413- 
1416; discussion 1416-1417 

10. Loulmet DF, Carpentier A et al (1998) Less invasive tech¬ 
niques for mitral valve surgery J Thorac Cardiovasc Surg. 
115:772-779 

11. Mohr FW, Falk V et al (1998) Minimally invasive port-access 
mitral valve surgery J Thorac Cardiovasc Surg 115:567-574 

12. Mohr FW, Onnasch JF et al (1999) The evolution of minimally 
invasive valve surgery - 2 year experience. Eur J Cardiothorac 
Surg 15:233-238; discussion 238-239 

13. Pretre R, Ye Q et al (1999) Approach to the mitral valve 
through a right thoracotomy in potentially hazardous reoper¬ 
ation. J Card Surg 14:112-115 

14. Schroeyers P, Wellens F et al (2001) Minimally invasive video- 
assisted mitral valve surgery: our lessons after a 4-year expe¬ 
rience. Ann Thorac Surg 72:S1050-S1054 

15. Srivastava AK, Garg SK et al (1998) Approach for primary 
mitral valve surgery: right anterolateral thoracotomy or 
median sternotomy. J Heart Valve Dis 7:370-375 

16. Takeshita M, Furuse A et al (1997) Sinus node function after 
mitral valve surgery via the transseptal superior approach. 
Eur J Cardiothorac Surg 12:341-344 

17. Tribble CG, Killinger WA Jr et al (1987) Anterolateral thora¬ 
cotomy as an alternative to repeat median sternotomy for 
replacement of the mitral valve. Ann Thorac Surg 43:380-382 



357 


7 Pulmonary Valve 

7.1 General Anatomy of the Pulmonary Valve 358 

7.1.1 Ostium of the Infundibulum and Attachment of the Pulmonary 
Valve 358 

7.1.2 Topography of the Infundibulum 362 

7.1.3 Morphological Variations of the Infundibulum 367 
Bibliography 370 

7.2 Surgical Anatomy of the Pulmonary Valve 371 

7.2.1 Median Sternotomy for Pulmonary Valve Exposure 371 

7.2.2 Inferior "T" Sternotomy for Pulmonary Valve Exposure 377 
Bibliography 381 


D. Berdajs et al., Operative Anatomy of the Heart 
© Springer-Verlag Berlin Heidelberg 2011 



358 7 Pulmonary Valve 


7.1 General Anatomy of the Pulmonary Valve 


7.1.1 Ostium of the Infundibulum and Attachment 
of the Pulmonary Valve 

In this chapter, we will describe the morphology of the 
right ventricular infundibulum, including the pulmo¬ 
nary root. On the specimen presented in Fig. 7.1, the 
human heart is examined from above and the left poste¬ 
rior view. The walls of the pulmonary and aortic roots 
have been removed down to the attachment of the leaf¬ 
lets; consequently, only the fibrous skeleton of both 
structures remains. The left and the right atria have 
been removed down to their annuli. The pericardial fat 
tissue and coronary vessels have been removed down to 
the ventricular musculature, and the mitral and tricus¬ 
pid valves are open. Note that the right ventricle wraps 
around the left ventricle to such a degree that the osti¬ 
um of the infundibulum is positioned at the level of the 
left ventricular ostium. However, the two ostia are not 
positioned in the same plane. The plane at the level of 
the nadirs of the semilunar leaflets in the pulmonary 
root maybe taken as the reference plane; in the future, 


this will also be referred to as the pulmonary root base. 
This plane is shifted to the left and laterally relative to 
the left ventricle. The base of the aortic root, which is 
considered as a reference level for the left ventricle, is 
shifted anteriorly and to the right. Consequently, the 
posterior commissure of the pulmonary root will be 
positioned in front of the anterior aortic root commis¬ 
sure (Fig. 7.1), and the left coronary sinus of the aortic 
root will be positioned posterior to the left pulmonary 
sinus. Note that the left pulmonary sinus is superior and 
to the left relative to the left coronary sinus. The right 
coronary sinus is positioned even deeper in the left ven¬ 
tricular musculature than the left coronary sinus 
(Fig. 7.1). 
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Fig. 7.1. Relationship between the pulmonary and 
the aortic root 
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Fig. 7.2. Relationship between the pulmonary and the aortic root, schematic drawing 
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Fig. 7.3. Superior view of the pulmonary root 
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This relationship between the pul¬ 
monary and aortic roots is also 
seen clearly on the schematic draw¬ 
ing (Fig. 7.2). The specimen seen on 

Fig. 7.1 is presented from a poste- Left r 

ventricle 

rior superior view, and the pulmo¬ 
nary root is in front of the aortic 
root. The right coronary sinus is 
posterior and deep relative to the 
right pulmonary sinus. On the 
schematic drawing in Fig. 7.2, the 
sinuses have been removed and the 
roots are inspected from the poste¬ 
rior superior view. The leaflets and 
the intervalvular triangles remain 
in situ. Both roots are asymmetric 
in structure, and this asymmetry 
should determine their direction. 

The aortic root is oriented to the 
right and in an anterior direction, 
in contrast to the pulmonary root, 
which is oriented in a left posterior 
direction. Thus, we can see that the 
roots are oriented in opposite di¬ 
rections (Figs. 7.1 and 7.2). 

Similar to the aortic root, the 
pulmonary root is a component of 
the sinotubular junction, the leaf¬ 
lets, the three commissures, the 
three sinuses, and the base of the 
root. The three sinuses are in the 
same position as for the aortic root, 
being placed between the attach¬ 
ment of the leaflets and the sinotu¬ 
bular junction. The sinotubular 
junction is the superior border of 
the root and is placed between the 
sinus and the tubular part of the pul¬ 
monary artery (Fig. 7.3). According to their position, we 
may differentiate the anterior, left, and right pulmonary 
sinuses. The three sinuses have different shapes, and 
measurements show that the left sinus is the largest, fol¬ 
lowed by the anterior and right pulmonary sinuses. This 
asymmetry means that the base of the root and the si¬ 
notubular junction are not parallel. These two planes 
subtend an angle, which is defined as the tilt angle of 
the pulmonary root. In the presented specimen, the si¬ 
nuses are viewed from above and the leaflets are closed 
(Fig. 7.3). The closing attachment of the leaflet shows a 
typical three-horned pattern. Like the aortic leaflets, the 
pulmonary leaflets close at their superior 


edge are also called the lunula (Fig. 7.3). The lunulae are 
almost translucent and located at the superior edge of 
the leaflet. They allow the congruent closure of the leaf¬ 
lets at diastole (Fig. 7.3). The anterior sinus is positioned 
in front of the two posterior sinuses, lying over the ante¬ 
rior wall of the infundibulum. The left and right pulmo¬ 
nary sinuses may be found behind the anterior sinus 
(Fig. 7.3). Note also that in this view we can confirm that 
muscle is present between the leaflets and the ostium of 
the infundibulum; this subvalvular muscle may be seen 
through the translucent leaflets. This anatomical situa¬ 
tion will be discussed in detail later in this chapter. 
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Fig. 7.4. Attachment of the pulmonary valve leaflets, left lateral view 
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Fig. 7.5. Attachment of the pulmonary valve leaflets, superior view, 
schematic drawing 


In the presented specimen (Fig. 7.4), the walls of the si¬ 
nuses have been removed down to the attachment of the 
semicircular leaflets. The three commissural areas re¬ 
main in situ. The pulmonary root is viewed from the 
left superior view. The leaflets have been retracted away 
from the ostium of the infundibulum, allowing exami¬ 
nation of the attachment of the leaflets to the pulmo¬ 
nary root. Figure 7.5 is a drawing of the specimen shown 
in Fig. 7.4. The leaflets are in the closed position, as in 
diastole. Note that in the dry-dissected specimen (Fig. 
7.4), the leaflets are attached at their superior two-thirds 
to the wall of the pulmonary sinus. The inferior third of 
the leaflets is attached to the musculature of the infun¬ 
dibulum. This may be well seen on Fig. 7.4. The dashed 
line indicates the attachment line of leaflets to the in¬ 
fundibulum. The relationship between the attachment 
and the musculature may be seen clearly in Fig. 7.4. In 
the schematic drawing (Fig. 7.5). The area of the lunula 
is depicted in yellow. The effective leaflet is placed be¬ 
tween the attachment and the lunula. The attachment of 
the leaflets is semicircular in shape, although in Fig. 7.5 
the effective part of the leaflets is seen from a superior 
view, and so the attachment line is not semicircular; 
rather, it projects as a straight line between two com¬ 
missures. The position of the infundibulum muscula¬ 
ture is indicated by a circular dashed line in Fig. 7.5. The 
attachment of the leaflet crosses the musculature at its 
lateral third, near to the intervalvular triangles. From 
here on toward the commissure, the leaflet attaches di¬ 
rectly to the wall of the root. The aforementioned spe¬ 
cial morphological relationship is very important for 
surgeons when performing the Ross procedure, because 
with dissection and mobilization of the pulmonary root, 
a rim of the musculature just beneath to the root must 
be dissected. At the middle of each sinus, careful dissec¬ 
tion is necessary to avoid damaging the leaflets. The 
muscular rim must be sufficiently wide; the sutures are 
placed on this edge during implantation into the aortic 
position. 
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Fig. 7.7. Infundibular attachment of the pul¬ 
monary leaflets, superior view, schematic 
drawing 



Fig. 7.6. Infundibular attachment of the pulmonary leaflets, superior view 
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Fig. 7.8. Ostium of the infundibulum, superior view 


In the dry-dissected specimen 
shown in Fig. 7.6 and its correspond¬ 
ing drawing (Fig. 7.7), the superior 
intervalvular triangles have been 
removed, and the dissection plane is 
parallel to the base of the root. The 
level of the dissection is the border 
between the inferior and middle 
third of the intervalvular triangles. 

In Fig. 7.7, the musculature of the 
infundibulum is colored in red, and 
the leaflets are yellow. Note that 
with the aforementioned exposure 
of the inferior third of the interval¬ 
vular triangle, the muscle of the in¬ 
fundibulum is clearly exposed. Fur¬ 
thermore, in both specimens it is 
clear that the central part of the leaf¬ 
let lies on the musculature of the infundibulum (Figs. 7.6 
and 7.7). The remnant parts of the leaflets are translucent, 
the musculature of the infundibulum is colored with red, 
and the edge of the muscle is seen through the translucent 
part of the leaflets (Fig. 7.7). 


In Fig. 7.8, the leaflet part that is attached to the infun¬ 
dibulum has been left in situ. The rest of the leaflets 
have been removed in toto, leaving only the part that is 
connected to the infundibular musculature. 

















362 7 Pulmonary Valve 


Right — 
atrium 

Anterolateral — 
leaflet 


Inferior — 
papillary 
muscle 



I 


— Anterior 
pulmonary 
sinus 

— Left 
pulmonary 
sinus 

— Septal band 

— Superior 
papillary 
muscle 

— Moderator 
band 

— Anterior 
papillary 
muscle 


Fig. 7.9. Segments of the right ventricular outflow tract with the anterior wall removed, 
anterior view 
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Fig. 7.10. Segments of the right ventricular outflow tract with the anterior wall removed, ante¬ 
rior view, schematic drawing 


7.1.2 Topography of the 
Infundibulum 

The infundibulum of the right ven¬ 
tricle is defined as a part of the 
right ventricular outflow tract and 
is considered to be the terminal 
part of the outflow tract. It is locat¬ 
ed just over the sinus of the right 
ventricle, which also belongs to the 
outflow segment of the right ventri¬ 
cle. The infundibulum has two seg¬ 
ments, superior and inferior, and 
the border between the two is not 
always very clearly defined. The su¬ 
perior part is positioned inferior to 
the pulmonary root and is the only 
free part of the right ventricle. In 
some cases, this free segment does 
not exist. The inferior segment of 
the infundibulum is located be¬ 
tween the free segment and the si¬ 
nus of the outflow part (see Figs. 7.9 
and 7.10). 

Before discussing the posterior 
wall of the infundibulum, the ar¬ 
rangement of the right ventricular 
outflow tract will be discussed. The 
free infundibulum is positioned be¬ 
tween the pulmonary root and the 
septal margin. The inferior seg¬ 
ment is between the septal margin 
and the moderator band. This seg¬ 
ment includes the anterior papil¬ 
lary muscle of the tricuspid valve. 
The sinus is placed between the in¬ 
flow segment and the moderator 
band (Figs. 7.9 and 7.10). 

The length of the free segment 
may differ between individuals; in 
some cases, it is present as a very 
short structure placed inferior to 
the opening of the left ventricle, 
and in others the free part of the 
infundibulum may even be placed 
over the left coronary artery. The 
infundibular walls may be divided 
into anterior, posterior, left lateral, 
and right lateral parts. The anterior 
wall is seen in Fig. 7.11 from the an¬ 
terior view; the anterolateral and 
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posterior walls of the left ventricle 
have been removed so that only the 
septal part of the left ventricle re¬ 
mains. The coronary veins and epi- 
cardial fat tissue have been dissect¬ 
ed away, leaving only the muscula¬ 
ture of the right heart in situ. In 
addition, the pulmonary trunk has 
been dissected over the sinotubular 
junction. The stump of the right 
coronary artery is seen between the 
posterior wall of the infundibulum 
and the right atrium. The anterior 
wall of the infundibulum represents 
the sternocostal surface of the right 
ventricle. The transition between 
the infundibulum and the sinus of 
the outflow tract of the right ven¬ 
tricle cannot be identified by the 
naked eye on this surface. By con¬ 
trast to this, the border between the 
inflow and outflow segments of the 
right ventricle is clearly indicated 
by the right marginal area (Fig. 

7.11 ). The left lateral wall of the in¬ 
fundibulum is seen from the left 
lateral view in Fig. 7.12. The junc¬ 
tion between the pulmonary trunk 
and the infundibulum indicates the 
superior ostium of the right out¬ 
flow tract. The left lateral wall of 
the infundibulum in this view is 
triangular in shape, the base of this 
triangle is attached to the left later¬ 
al sinus and the posterior interval- 
vular triangle. The anterior leaflet 
of the mitral valve is also seen infe¬ 
rior to the aortic root in this view 
(Fig. 7.11). Note here that the free 
segment of the superior infundibu¬ 
lum is very short and is practically 
nonexistent. 

The right lateral wall of the infun¬ 
dibulum is seen from the right view 
Fig. 7.13, on the same specimen as 
presented in Fig. 7.11. The right lat¬ 
eral wall is found inferior to the 
right pulmonary sinus and is con¬ 
joined to the posterolateral wall of 
the right ventricle. The right wall of 
the infundibulum faces in a more 
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Fig. 7.11. Anterior wall of the infundibulum 
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Fig. 7.12. Left lateral wall of the infundibulum 
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Fig. 7.13. Right lateral wall of the infundibulum 
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Fig. 7.14. Demarcation between the infundibulum and the sinus, right view 


posterior direction than the pos¬ 
terolateral wall. The posterolateral 
wall of the right ventricle is posi¬ 
tioned over the anterolateral wall of 
the tricuspid leaflet and faces supe¬ 
riorly, as seen in Fig. 7.13. The bor¬ 
der between the right wall of the 
infundibulum and the posterolat¬ 
eral wall of the right ventricle is 
indicated by a shallow furrow. 

It is very important to note that 
the right lateral wall of the infun¬ 
dibulum, the posterolateral wall of 
the right ventricle, and the anterior 
wall of the right ventricle are the 
borders of the right coronary fossa, 
in which the right coronary artery 
may be found. This situation is also 
seen in Fig. 7.13. Here, the right 
coronary fossa may be inspected in 
its entirety. The posterior wall of 
the fossa is created by the right 
atrium, the anterior wall by the 
right lateral wall of the infundibu¬ 
lum, and the bottom is the postero¬ 
lateral wall of the right ventricle. 
The right coronary artery is in the 
middle of this space, and in Fig. 

7.13 it has been dissected immedi¬ 
ately after its origin. To investigate 
the posterior wall of the infundibu¬ 
lum, the anterior wall must be 
removed (Figs. 7.9 and 7.13). 

The posterior wall of the infun¬ 
dibulum may now be inspected. 

The posterior wall is positioned 
inferior to the posterior pulmonary 
sinus. Two very important struc¬ 
tures may be identified here: the 
septal and parietal bands, which 
originate from the posterior wall of 
the posterior infundibulum. The 
parietal band runs toward the right 
lateral wall of the infundibulum. 
From there, it runs toward the pos¬ 
terolateral wall of the right ventri¬ 
cle and is directly in contact to the 
anterolateral tricuspid leaflet. The 
septal band runs along the septum, 
its origin being superior to the 
superior papillary muscle (of Lan- 





7.1 General Anatomy of the Pulmonary Valve 365 



Left atrium 


Posterior papillary muscle 
-Anterior papillary muscle 


Left coronary sinus 

Right coronary sinus 

-Parietal band 

Superior papillary muscle 


Fig. 7.15. Demarcation between the infundibulum and the sinus, right 
view, schematic drawing 
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cisi, also called Luscka). On leaving the posterior wall of 
the infundibulum, the septal band runs along the right 
part of the septum. Note that the predisposed direction 
is anterior-inferior. On leaving the area of the septum, 
the inferior border of the band crosses the anterior pap¬ 
illary muscle of the right ventricle (Figs. 7.9. and 7.14). 
From here, the septal band is also known as the moder¬ 
ator band and may be found on the anterior wall of the 
right ventricle. The inferior edge of the septal and mod¬ 
erator bands is also the border between the infundibu¬ 
lum and sinus of the right ventricle. 

The attitudinal lateral view of the transected right 
ventricles will now be presented. The transection plane 
is almost sagittal, running through the right and poste¬ 
rior intervalvular triangles. The left part includes ap¬ 
proximately two-thirds of the infundibulum with the 
left and anterior pulmonary sinuses (see the dry-dis¬ 
sected specimen in Fig. 7.14 and the corresponding 
schematic drawing in Fig. 7.15). Note that in this projec¬ 
tion it is clear that the anterior wall of the infundibulum 
is much larger than the posterior. This is due to the pos¬ 
terior curvature of the pulmonary trunk (Figs. 7.14 and 
7.15). The shorter posterior wall is in front of the right 


coronary sinus. In this projection, the parietal band runs 
anteriorly as a curved promontory positioned over the 
tricuspid leaflet. Figures 7.14 and 7.15 also show that the 
parietal band actually forms the posterolateral part of 
the right ventricle. Its proximal end is attached to the 
membranous septum. 
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Fig. 7.16. Demarcation between the infundibulum and the sinus, left view 



Left- 

coronary sinus 


Left atrium 


Anterior papillary muscle 


Right- 

coronary sinus 


Infundibulum 


Posterolateral leaflet 


Sinus 


Border between inflow and 
outflow tract of the right 
ventricle 


s 

septum 


Anterolateral 

leaflet 


On the right part of the dissected 
specimen shown in Figs. 7.16 and 
7.17, one-third of the infundibulum 
with the right coronary sinus re¬ 
mains in situ. The distal part of the 
parietal band may also be seen; 
note its attachment to the membra¬ 
nous septum. In both specimens, 
the border between the infundibu¬ 
lum and the sinus of the outflow 
tract may be seen. The sinus part of 
the right ventricle belongs to the 
outflow and begins beyond the in¬ 
ferior margin. The anterior and in¬ 
ferior papillary muscles of the tri¬ 
cuspid leaflet originate from this 
trabecular part of the right ventri¬ 
cle (Figs. 7.16 and 7.17). In these 
specimens, we can also define the 
border between the inflow and out¬ 
flow tracts of the right ventricle, 
which lies between the apex and 
the area where the posterolateral 
wall of the right ventricle attaches 
to the membranous septum (Figs. 
7.16 and 7.17; the dashed line on 
Fig. 7.17 indicates the course of the 
border). 


Fig. 7.17. Demarcation between the infun¬ 
dibulum and the sinus, left view, schematic 
drawing 
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Fig. 7.18. Depressed infundibulum, left lat¬ 
eral view 
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7.1.3 Morphological Variations of the 
Infundibulum 

The topography of the infundibulum is described in 
Chap. 6. We have noticed that the dimensions of the tu¬ 
bular part of the infundibulum vary. In some speci¬ 
mens, the free part of the outflow tracts was very well 
defined, as was the posterior wall of the infundibulum. 
From the surgical point of view, an exhaustive knowl¬ 
edge of the morphology of the infundibulum, including 
the more frequently occurring variants, is very impor¬ 
tant for a successful Ross procedure. 

A low-positioned infundibulum is defined as one 
where the pulmonary ostium is located below the osti¬ 
um of the left ventricle. This deep relationship between 
the two openings may be seen in Fig. 7.18, wherein the 
left lateral wall of the infundibulum is observed from 
the left attitudinal view. In this projection, the left later¬ 
al wall has a triangular shape. The pulmonary trunk has 
been dissected over the sinotubular 


junction, and the left lateral wall of the left ventricle has 
been removed. The attachment of the anterior leaflet of 
the mitral valve to the left ventricular has also been ex¬ 
posed. This attachment indicates the level of the left ven¬ 
tricular ostium (Fig. 7.18). Note that in this case the open¬ 
ing of the pulmonary ostium is positioned inferior to 
the attachment of the mitral leaflet, and is thus placed 
beyond the left ventricular ostium; this is termed a 
deep-positioned infundibulum. Awareness of this mor¬ 
phological situation is very important when performing 
dissection of the pulmonary valve. The nadirs of the 
leaflets are placed inferiorly to the ostium of the infun¬ 
dibular opening; thus in the depressed infundibulum, 
separation of the entire pulmonary root includes dissec¬ 
tion of the posterior infundibular wall, which forms 
part of the interventricular septum. Splitting of the pos¬ 
terior infundibular wall must also be performed very 
carefully, as in some cases the superior septal artery 
may be found in this superior part of the interventricu¬ 
lar septum. 
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Fig. 7.19. Depressed infundibulum, left posterior view 



A posterior, nonattitudinal view of 
the depressed infundibulum is 
shown in Fig. 7.19. The left and 
right atria have been removed, the 
pulmonary trunk dissected over 
the sinotubular junction, and the 
ascending aorta dissected superior 
to the sinotubular junction. The left 
main stem of the left coronary ar¬ 
tery remains in situ. Note the infe¬ 
rior direction of the left main stem, 
its origin being positioned inferior 
to the sinotubular junction. The 
schematic drawing in Fig. 7.20 
shows the equivalent morphologi¬ 
cal situation. The reference plane is 
that of the left ventricular ostium, 
which is indicated with the mitral 
valve ostium and the attachment of 
the left coronary sinus to the left 
ventricle. The attachment of the left 
coronary sinus is indicated by a red 
line. The depressed infundibulum 
is blue; note that the pulmonary 
ostium is below the left ventricular 
opening (Figs. 7.19 and 7.20). 
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Figure 7.21 shows a superior right 
view of the right wall of the infun¬ 
dibulum in a dry-dissected speci¬ 
men; the right atrium remains in 
situ, but the coronary artery has 
been removed, leaving only the ini¬ 
tial part of the right coronary ar¬ 
tery. The infundibulum rises high 
above the right coronary sinus and 
the ostium of the right coronary 
artery. The slightly curved anterior 
wall meets the lateral wall of the 
infundibulum, beneath the right 
pulmonary sinus. The posterior 
wall of the infundibulum curves in 
front of the right coronary sinus. 
Note that the pulmonary ostium is 
superior to the sinotubular junc¬ 
tion of the aortic root (Fig. 7.21). 
From this view, the walls of the 
right coronary fossa may be ob¬ 
served clearly. 

In the following specimen (Fig. 
7.22), the anterior wall of the infun¬ 
dibulum, the posterolateral wall of 
the right ventricle, and the antero¬ 
lateral wall of the right atrium have 
been removed. The left lateral and 
posterior walls of the infundibulum 
remain in situ, as do the left and 
posterior pulmonary sinuses. The 
septal leaflet of the tricuspid valve 
is still attached to the septum; note 
the clear view of the attachment of 
the posterolateral wall of the right 
ventricle to the membranous sep¬ 
tum. This is at the anterior superior 
edge of the septal leaflet and indi¬ 
cates the border between the inflow 
and outflow parts of the right ven¬ 
tricle. The posterior wall of the 
infundibulum is elevated above the 
left ventricle, curving around the 
right coronary sinus. Note the large 
tubular portion of the posterior 
infundibular wall inferior to the left 
pulmonary sinus. 
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Fig. 7.21. Elevated infundibulum, superior right view 


Superior. 
vena cava 


Inferior - 
vena cava 

Membranous - 
septum 

Coronary - 
sinus 


Septal 

leaflet 


Right 

coronary 




kX / t 

/ 

/ % 

/ w* - 


Level of the 
aortic ostium 


Level of the 
infundibular 
ostium 


Left ventricle 


Posterolateral 

wall 


Infundibular 

ostium 


Moderator 

band 

Left 

ventricle 


Fig. 7.22. Elevated infundibulum, superior right view 
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Fig. 7.23. Left posterior view of the elevated infundibulum 



A posterior view of the elevated 
infundibulum (Figs. 7.23 and 7.24) 
demonstrates the pulmonary 
ostium superior to the opening of 
the left ventricle. The plane of the 
left ventricular ostium is defined by 
the mitral valve opening and the 
attachment of the left coronary 
sinus. 



Left ventricle Mitral valve 

Fig. 7.24. Left posterior view of the elevated 
infundibulum, schematic drawing 
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7.2 Surgical Anatomy of the Pulmonary Valve 

7.2.1 Median Sternotomy for Pulmonary Valve Exposure 


The median sternotomy is per¬ 
formed as described in Chap. 2. 
After completion of the skin inci¬ 
sion and splitting of the sternum, a 
standard sternum spreader is in¬ 
serted. The retrosternal space is 
then exposed, as seen in Fig. 7.25. 

In adults, the thymus rest may be 
found in the retrosternal space. The 
thymus veins must be identified 
within this fat tissue and ligated; 
note that in most cases two veins 
may be found. The surgeon should 
follow the course of the thymus 
veins toward the innominate vein, 
which must therefore also be iden¬ 
tified. In the next step of the expo¬ 
sure, the anterior sheath of the 
pericardium is dissected away from 
the fat tissue (Fig. 7.25). Note that 
the ascending aorta, the pulmonary 
trunk, the right auricle, and right 
ventricle may be identified in this 
translucent pericardium (Fig. 7.26). 
The translucent pericardium oc¬ 
curs more frequently among youn¬ 
ger adults than in the elderly, in 
whom the pericardium consists of a 
thick fibrous layer. The dashed line 
in Fig. 7 .26 indicates the direction 
of the pericardial incision, which 
runs in the sulcus between the pul¬ 
monary and aortic trunks and then 
extends down to the diaphragm. 
The caudal point of the vertical peri¬ 
cardial incision is placed inferior to 
the innominate vein. After comple¬ 
tion of the vertical pericardial inci¬ 
sion, left and right horizontal 
extensions are performed. 


Sternohyoid muscle Left brachiocephalic vein Thymic vein 



Fig. 7.25. Topography of the retrosternal space Thymus rest Pericardium 
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Fig. 7.26. Incision of the pericardium 
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Fig. 7.27. Pulmonary trunk 
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Fig. 7.28. Exposure of the pulmonary trunk. The dashed line indicates the supravalvular inci¬ 
sion 


Purse strings are then placed ar- 
round left brachiocepualic vein and 
the pulmonary artery and infun¬ 
dibulum are exposed, as seen in 
Fig. 7 .27. Note that in the presented 
specimen, the ascending aorta and 
the aortic arch have also been 
brought into view. In its course, the 
distal part of the pulmonary artery 
and its bifurcation are located be¬ 
hind the ascending aorta. The in¬ 
fundibulum and pulmonary root 
are superior to the aortic root and 
the proximal part of the ascending 
aorta. Note that the bifurcation of 
the pulmonary artery is inferior to 
the highest point of the aortic arch 
(Fig. 7.27). Prior to the exposure of 
the pulmonary valve, the ligamen¬ 
tous tissue that connects the pul¬ 
monary artery and the ascending 
aorta must be dissected away. The 
same must be done at the posterior 
wall of the pulmonary artery, thus 
mobilizing the pulmonary artery 
from the surrounding tissue. 

In the presented case, the brachi¬ 
ocephalic and left common carotid 
arteries originate from a common 
stem at the beginning of the aortic 
arch. The second vessel that origi¬ 
nates from the aortic arch is the left 
subclavian artery (Fig. 7.27). In the 
specimen shown in Fig. 7.28, the to¬ 
pography of the pulmonary artery 
bifurcation is exposed. For this 
purpose aortic arch was lifted away 
from pulmonary artery bifurcation. 
The pulmonary valve may be ex¬ 
posed using two approaches, one of 
which involves incision of the ante¬ 
rior wall of the infundibulum and 
is used mostly for the correction of 
congenital heart disease. However, 
in adults the most commonly used 
approach involves incision of the 
pulmonary artery superior to the 
sinotubular junction. Both expo¬ 
sures will now be discussed. 
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Fig. 7.29. Supravalvular incision of the pul¬ 
monary trunk, schematic drawing 
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Incision of the pulmonary artery is performed in a ver¬ 
tical fashion (see the schematic drawing in Figs. 7.28 and 
7.29). The vertical opening cut is performed between 
the bifurcation of the pulmonary artery and the sinotu- 
bular junction of the pulmonary root. The initial stab 
incision is made superior to the sinotubular junction, 
following which the opening incision is extended to¬ 
ward the bifurcation of the pulmonary artery (Fig. 7.29). 
The incision presented herein is used mostly to correct 
isolated supravalvular or valvular stenosis of the pulmo¬ 
nary valve. In most cases, stenosis of the supravalvular 
or valvular area of the pulmonary artery is part of a 
more complex congenital heart disease, such as tetralo¬ 


gy of Fallot. In very rare cases, however, it may be an 
isolated finding. The opening incision of the pulmonary 
artery gives the surgeon an opportunity to directly in¬ 
spect the valvular apparatus of the pulmonary valve, 
and may be for replacement or reconstruction of the 
pulmonary valve. In most cases, an adequate dilatation 
of the pulmonary artery may be achieved for implanta¬ 
tion of the patch. The same strategy may be used to cor¬ 
rect stenosis of the pulmonary artery. In these cases, the 
vertical incision is extended between the anterior and 
right leaflets into the right intervalvular triangle, after 
which the patch may be implanted to achieve enlarge¬ 
ment of pulmonary valve. 






















374 7 Pulmonary Valve 


In the specimen presented in Fig. 
7.30 and the corresponding draw¬ 
ing (Fig. 7.31), the pulmonary leaf¬ 
let and the three sinuses are in¬ 
spected from a superior view. In 
this view, the left and right pulmo¬ 
nary sinuses are positioned to the 
left of the anterior pulmonary si¬ 
nus. The ascending aorta is inferi¬ 
or, and the left atrial appendage 
may be seen in the superior posi¬ 
tion. The right commissure be¬ 
tween the anterior and right si¬ 
nuses is superior to the anterior 
wall of the infundibulum. If the 
opening cut of the pulmonary root 
is extend through the right com¬ 
missure, the anterior wall of the in¬ 
fundibulum is also opened. 

Ascending aorta Right pulmonary sinus Right ventricle 

Fig. 7.30. Superior view of the pulmonary valve leaflets 
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Fig. 7.31. Superior view of the pulmo¬ 
nary valve leaflets, schematic drawing 
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In most cases, stenosis of the out¬ 
flow tract of the right ventricle is 
found at the infundibulum, and 
only rarely in the sinus part. Expo¬ 
sure of the right ventricular outflow 
tract is performed by incising the 
anterior wall of the infundibulum 
(Fig. 7.32). This approach offers the 
advantage of allowing the surgeon 
to expose the ventricular septum, 
wherein he/she may close the ven¬ 
tricular septum defect. The initial 
stab incision is made at the middle 
third of the anterior wall and is 
extended superiorly toward the 
right commissure. The extension 
cut is made by insertion of scissors 
into the stab incision. Purse strings 
are then inserted and the infundib¬ 
ulum is exposed. The pulmonary 
valve may be inspected from the 
inferior aspect; Fig. 7.33 shows the 
leaflet in a closed position. As for 
the superior view, the left and right 
leaflets are also found in inferior of 
the anterior leaflet in this inferior 
view. In this approach the posterior 
wall of the infundibulum and entire 
subvalvular apparatus of the tricus¬ 
pid valve may be inspected. The 
superior papillary muscle, also 
known as the muscle of Lancisi, is 
an important landmark, indicating 
the border between the infundibu¬ 
lum and the interventricular sep¬ 
tum. This papillary muscle is a very 
small structure that arises in most 
cases as a single band posterior to 
the limb of the septal band. It is 
actually positioned at the separa¬ 
tion of the posterior infundibular 
wall into the parietal and septal 
bands, which are separated by a 
virtual line between the superior 
papillary muscle and the posterior 
leaflet (Figs. 7.34 and 7.35). 
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Fig. 7.32. Incision of the infundibulum 
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Fig. 7.34. Subvalvular apparatus of the tricuspid valve 
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This muscle also indicates the bor¬ 
der between the infundibulum and 
the sinus part of the right ventricu¬ 
lar outflow tract (Fig. 7.34). The an¬ 
terior papillary muscle is posi¬ 
tioned at the inferior extension of 
the septal band. The relationship 
between the superior papillary 
muscle and the anterior papillary 
muscle is presented in Fig. 7.35. The 
superior papillary muscle is at¬ 
tached to the superior part of the 
septal band, just beneath its poste¬ 
rior edge. The large anterior papil¬ 
lary muscle runs almost perpendic¬ 
ular to the axis of the superior pap¬ 
illary muscle. Note that in this ex¬ 
posure (i.e., Fig. 7.35), the part of 
the septum that is conjoined to the 
right ventricular outflow tract may 
be inspected. Thus, stenosis of the 
infundibulum and ventricular sep¬ 
tal defects may be identified and 
repaired. 



Fig. 7.35. Exposure of the superior and 
anterior papillary muscles 
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7.2.2 Inferior "T" Sternotomy 
for Pulmonary Valve 
Exposure 

The inferior <£ T” median sternoto¬ 
my is minimally invasive approach 
for exposure of the pulmonary 
valve and pulmonary trunk. The 
approach is described in detail in 
Chap. 2. After completion of the 
skin incision and splitting of the 
sternum, a minimally invasive ster¬ 
num spreader is inserted. The ret¬ 
rosternal space is then exposed; 
note that in this exposure the in¬ 
nominate vein cannot be exposed 
in most of the cases as it is posi¬ 
tioned behind the jugular notch. 

The fat tissue of the thymus rest is 
dissected down to the anterior peri¬ 
cardial sheath. It is advisable to 
identify the thymic veins and ligate 
them before opening the pericar¬ 
dium. The dashed line in Fig. 7.36 
indicates the direction of the peri¬ 
cardial incision. The incision runs 
in the sulcus between the pulmo¬ 
nary and aortic trunks, and then 
extends down to the diaphragm. 

The caudal point of the vertical 
pericardial incision is inferior to 
the innominate vein. After comple¬ 
tion of the vertical pericardial inci¬ 
sion, the left and right horizontal 
extensions are performed. Note 
that in this exposure the entire 
inferior and middle mediastina are 
exposed. 

In presented case (Fig. 7.37) 
although the “T” sternotomy great 
vessels of heart maybe exposed 
totaly note this is an exception. In 
its course, the distal part of the pul¬ 
monary artery and its bifurcation 
are located behind the ascending aorta. The infundibu¬ 
lum and pulmonary root are superior to the aortic root 
and the proximal part of the ascending aorta. Note that 
the bifurcation of the pulmonary artery is behind the 



Fig. 7.36. Incision of the pericardium following inferior “T” sternotomy 
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Fig. 7.37. Exposure of the great vessels following inferior “T” sternotomy 


aortic arch (Fig. 7.37). Prior to exposure of the pulmo¬ 
nary valve, the tissue that connects the pulmonary 
artery and the ascending aorta must be dissected away. 
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Fig. 7.38. Exposure of the pulmonary trunk and its bifurcation, inferior view 
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As part of the next step of the expo¬ 
sure, the topography of the pulmo¬ 
nary valve bifurcation will be dis¬ 
cussed. After mobilization of the 
ascending aorta and the aortic 
arch, the aorta may be lifted away. 
Consequently, the entire course of 
the pulmonary artery and its bifur¬ 
cation maybe seen (see Fig. 7.38). 
In the specimen shown in Fig. 7.38, 
the pulmonary trunk is viewed 
from the inferior aspect. 

The incision of the pulmonary 
artery is performed in a vertical 
fashion between the bifurcation of 
the pulmonary artery and the sino- 
tubular junction of the pulmonary 
root (Fig. 7.39). The initial stab in¬ 
cision is made superior to the sino- 
tubular junction, and is extend¬ 
ed toward the bifurcation. This 
procedure is mostly used for the 
correction of isolated supravalvular 
or valvular stenosis of the pulmo¬ 
nary valve. However, the incision 
may also be extended toward the 
left or right pulmonary arteries, 
thus allowing the surgeon adequate 
space for dilatation of the pulmo¬ 
nary arteries and implantation of 
the patch. 


Fig. 7.39. Vertical incision of the pulmonary 
trunk 
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The pulmonary leaflet and the 
three sinuses are inspected from 
the superior view in Fig. 7.40 and 
the corresponding schematic draw¬ 
ing (Fig. 7.41). The left and the 
right pulmonary sinuses are posi¬ 
tioned in front of the posterior pul¬ 
monary sinus. The ascending aorta 
is on the right-hand side. 


Fig. 7.40. Superior view of the pulmonary 
valve 
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Fig. 7.41. Superior view of the pulmo¬ 
nary valve, schematic drawing 
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Fig. 7.42. Vertical incision of the infundibulum 
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Exposure of the right ventricular 
outflow tract is achieved by carry¬ 
ing out an incision of the anterior 
wall of the infundibulum (Fig. 7.42). 
This approach offers the advantage 
of allowing the surgeon to expose 
the ventricular septum to enable 
closure of a ventricular septum de¬ 
fect. The initial stab incision is made 
at the middle third of the anterior 
wall and is extended superiorly to¬ 
ward the anterior commissure. Ex¬ 
tension of the initial cut is achieved 
by insertion of scissors into the 
stab incision. Purse strings are then 
inserted and the infundibulum is 
exposed. The pulmonary valve is 
inspected from the inferior view in 
Fig. 7.43. The left and right leaflets 
are in inferior of the anterior leaflet 
in this view. The posterior wall of 
the infundibulum and entire sub¬ 
valvular apparatus of the tricuspid 
valve may be inspected. The anteri¬ 
or papillary muscle is positioned at 
the inferior extension of the septal 
band and runs almost perpendicu¬ 
lar to the axis of the superior papil¬ 
lary muscle (Fig. 7.44). 


Fig. 7.43. Inferior exposure of the closed 
pulmonary leaflets 





















7.2 Surgical Anatomy of the Pulmonary Valve 381 


Fig. 7.44. Exposure of the right ventricular 
infundibulum 



Superior papillary muscle 


Anterior papillary muscle 
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General Anatomy of the Tricuspid Valve 


8.1 

8.1.1 Papillary Muscles of the Tricuspid Valve 

In this chapter, we will discuss the anatomy of the tri¬ 
cuspid valve. As with the mitral valve, we will begin the 
structural anatomy of the papillary muscles. The ante¬ 
rior wall of the right ventricle must be removed to ex¬ 
pose the outflow tract of the right ventricle (Fig. 8.1). 
The trabeculae of the sinus segment were dissected to 
reveal their attachment to the musculature of the right 
ventricle. The superior papillary (Lancisi) muscle is 
located beneath the inferior border of the posterior wall 
of the infundibulum. The line between the nadir of the 
left pulmonary leaflet and the superior papillary muscle 
demarcates the parietal and septal bands. This distance 
may vary, in the highly positioned infundibulum even 
reaching 2 cm; in the short infundibulum, this distance 
is shorter. The posterior wall of the infundibulum and 
its relationship to the superior papillary muscle is clearly 
visible on Fig. 8.2, in which the anterior and right leaf¬ 
lets of the pulmonary valve have been removed. The left 
cusp of the pulmonary valve lies straight over the poste¬ 
rior wall of the infundibulum. The parietal band pro¬ 
jects over the anterior commissure and the anterior leaf¬ 


let of the tricuspid leaflet. At this point, it should be 
noted that the superior papillary muscle is a very impor¬ 
tant landmark for the operating surgeon. This muscle is 
clearly exposed during infundibulotomy (see Sect. 4.2.1) 
and as thus serves as a landmark, being positioned on 
the border between the infundibulum and the ventricu¬ 
lar septum. 

The septal band extends from the attachment of the 
superior papillary muscle anteriorly, to the anterior 
papillary muscle. The parietal band runs over the supe¬ 
rior papillary muscle toward the attachment of the ante¬ 
rior leaflet of the tricuspid leaflet (Figs. 8.1 and 8.2). The 
lateral edge of the septal band is fragmented; this area 
serves as a point of attachment for many trabeculae. 

The septal band extends inferiorly as the moderator 
band to the anterior wall of right ventricle. The anterior 
papillary muscle originates from the beginning of the 
moderator band (Fig. 8.1). Note that the large anterior 
papillary muscle attaches to the moderator band with a 
relatively wide base. Finally, the moderator band runs 
toward the anterior wall of the right ventricle (Fig. 8.1). 
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Right atrium 
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of tricuspid valve 



Anterior pulmonary sinus 
Left pulmonary sinus 
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Anterior papillary muscle 
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Fig. 8.1 . Right ventricular outflow tract as seen after 
removal of the anterior wall 
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> 

Fig. 8.2. Topography of the superior papillary 
muscle 


In the specimen presented in Fig. 
8.3, the anterior wall of the right 
ventricle, the left and right atria, 
and the pulmonary root have been 
removed. The transition between 
the right ventricular inflow and 
outflow tracts is seen in the frontal 
aspect. The superior segment of 
this border is presented by the 
parietal band, and the inferior bor¬ 
der by the moderator band. On the 
medial side, the transition between 
the inflow and outflow segments is 
bordered by the interventricular 
septum, and lateral wall is deter¬ 
mined by the anterior right ventric¬ 
ular wall. Note that on the pre¬ 
sented specimen, the wall of the 
infundibulum remains in situ. In 
this view, the anterior papillary 
muscle is behind the ventricular 
part of the border (Fig. 8.3). The 
parietal and septal bands together 
extend from the posterior wall of 
the infundibulum, like a horseshoe, 
toward the anterior wall of the right 
ventricle. The inferior edge of the 
parietal band forms a muscular 
arch, which predominately deter¬ 
mines the oval form of the transi¬ 
tion between the inflow and out¬ 
flow tracts. 
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Fig. 8.4. Subvalvular apparatus of the tricuspid valve, anterolateral segment 
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Fig. 8.5. Subvalvular apparatus of the tricuspid valve, posterolateral segment 


An anterior view of a new specimen 
is shown in Fig. 8.4, in which the 
entire musculature of the right ven¬ 
tricle has been removed; only the 
septal part remains in situ. The 
right atrium was subsequently dis¬ 
sected just over its attachment to 
the annulus of the tricuspid leaflet. 
The pulmonary root and the infun¬ 
dibulum remain in situ; from this 
view, the posterior pulmonary 
valve may be seen. The right coro¬ 
nary artery was left in situ; note 
that the artery runs superior to the 
position of the annulus fibrosus of 
the tricuspid leaflet (Fig. 8.4). 

The tricuspid valve is in the open 
position in Fig. 8.4, as during dias¬ 
tole, and the anterior leaflet is in 
the frontal projection. The me¬ 
dial part of the anterior leaflet is 
conjoined to the septal part of the 
tricuspid leaflet. The anterior com¬ 
missure may be found between 
these two leaflets. The chordae ten- 
dineae that originate from the su¬ 
perior papillary muscle attach to 
the medial part of the anterior leaf¬ 
let. The superior papillary muscle 
is positioned at the division of the 
posterior infundibulum to the sep¬ 
tal and parietal bands. 

The chordae tendineae that are 
anchored to the lateral part of the 
anterior leaflet originate from the 
anterior papillary muscle of the 
right ventricle. The anterior papil¬ 
lary muscle is seen in frontal plane 
in Fig. 8.4) and is attached to the 
moderate band. The moderator 
band is a direct extension of the 
septal band and runs from the in¬ 
terventricular septum to the ante¬ 
rior wall of the right ventricle. The 
anterior papillary muscle origi¬ 
nates near the connection between 
the moderator band and the ante¬ 
rior wall of the right ventricle. This 
relationship between the anterior 
muscle, the moderator band, and 
the left ventricular wall is visible in 
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Fig. 8.4. The moderator band marks 
the upper border of the sinus part 
of the right ventricle. 

The same specimen as in Fig. 8.4 
is inspected from the posterior 
view in Fig. 8.5. The posterior wall 
of the right ventricle has been re¬ 
moved. The posterior part of the 
right coronary artery runs over the 
annulus fibrosus. On reaching the 
posterior interventricular sulcus, 
the artery runs down toward the 
apex of the heart as a posterior de¬ 
scending branch. The posterior 
wall of the right ventricle has been 
removed down to the trabecular 
part of the inflow tract. The inferi¬ 
or papillary muscle, which is seen 
in frontal view, has two parts. The 
lateral part is positioned between 
the septal wall and the anterior 
papillary muscle, and the septal 
part originates from the posterior 
section of the interventricular sep¬ 
tum (Fig. 8.5). Both parts originate 
from the trabecular net of the right 
ventricle. The posterior leaflet of 
the tricuspid valve is open, as dur¬ 
ing diastole. The division of the 
chordae tendineae can be investi¬ 
gated in this view. The lateral part 
of the inferior papillary muscle 
gives rise to the chordae tendineae, which run to the lat¬ 
eral commissure and the posterior leaflet. From the sep¬ 
tal division of the inferior papillary muscle, the chordae 
tendineae run toward the posterior commissure 
(Fig. 8.5). 

A lateral view in which the inferior and apical parts 
of the right ventricular wall have been removed is 
shown in Fig. 8.6. After removal of the aforementioned 
ventricular wall, the trabecular part of the right ventri¬ 
cle is exposed. In this right lateral view, the separation 


between the anterior and inferior papillary muscles is 
seen. It is clear that both papillary muscles are attached 
to the trabecular part. In contrast to the posterior papil¬ 
lary muscle shown in the previous specimen, the inferi¬ 
or papillary muscle in the present specimen (Fig. 8.6) 
has only the septal division; the trabecular division is 
not present. Note that the trabecular net is only present 
in the inflow tract of the right ventricle. The inner wall 
of the outflow tract has a smooth surface, without no 
trabeculae and accompanying sulcus. 
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Fig. 8.7. Leaflets of the tricuspid valve 
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Fig. 8.8. Right posterior view of the posterolateral leaflet 
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8.1.2 Ostium of the Tricuspid 
Valve 

A superior view of the tricuspid 
valve is presented in Fig. 8.7. In this 
specimen, the right atrium has 
been dissected at the level of its 
attachment to the musculature of 
the right ventricle. The aorta has 
been transected over the sinotubu- 
lar junction, and the left atrium has 
been removed. The posterior com¬ 
missure of the mitral valve is also 
seen in this projection. The right 
coronary artery may be also identi¬ 
fied, the artery has been filled with 
white contrast material. Note that a 
large conus branch arises from the 
initial part of the right coronary 
artery. The right coronary artery, 
after running out of the right sinus, 
travels at the base of the right ven¬ 
tricle, coursing lateral to the attach¬ 
ment of the anterolateral and pos¬ 
terolateral leaflets, toward the poste¬ 
rior interventricular sulcus. At the 
level of the posterior groove, the 
artery runs downward as the poste¬ 
rior interventricular branch (Fig. 
8.7). The noncoronary sinus is in 
front of the interatrial septum. 

In this view, all three leaflets of 
the tricuspid valve may be observed, 
the ostium of the leaflet is elliptical. 
It can be divided into the anterola¬ 
teral, posterolateral, and septal di¬ 
visions. In Fig. 8.7, the leaflet is in a 
closed position, as found in systole, 
and it is clear that the septal leaflet 
attaches to the interventricular sep¬ 
tum. The anterior part of the septal 
leaflet, which is very close to the 
commissure with the anterolateral 
leaflet, is attached to the membra¬ 
nous part of the septum. Conse¬ 
quently, the septal leaflet has two 
parts, the muscular part being at¬ 
tached to the muscular part of the 
interventricular septum, and the 
membranous part being attached to 
the membranous part of the inter- 
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Fig. 8.9. Left lateral view of the anterolateral leaflet 
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ventricular septum. Both the ante¬ 
rolateral and posterolateral leaflets 
hinge at the free wall of the right 
ventricle (Fig. 8.7). 

The anterolateral and posterolat¬ 
eral segments of the tricuspid 
valve, including the inferior papil¬ 
lary muscle, are visible after re¬ 
moval of the inferior wall of the 
right ventricle (Fig. 8.8). Only a 
small muscular strip remains at the 
level of the attachment of the leaflet 
to the right musculature. The leaf¬ 
let shows a unique anatomy, with 
symmetric geometry, and it should 
be realized that in some cases the 
leaflet is a build-up of many smaller 
leaflets. Note that the inferior pap¬ 
illary muscle has only one compo¬ 
nent; the base of the inferior papil¬ 
lary muscle is attached to the pos¬ 
terior aspect of the interventricular 
septum. The chordae tendineae 
that arise from the inferior papil¬ 
lary muscle run to the septal and 
posterolateral leaflets. The anterior 
papillary muscle is in front and 
supeior to the inferior papillary muscle. This muscle 
attaches to the free wall of the anterior wall of the right 
ventricle. Note that this muscle has two heads and one 
common origin. The chordae tendineae that belong to 
the anterior papillary muscle run toward the anterolate¬ 
ral and posterolateral leaflets (Fig. 8.8). 

In the specimen shown in Fig. 8.9, the tricuspid valve 
is inspected from an anterior inferior view. The antero¬ 
lateral leaflet is investigated here. The anterior wall of 
the right ventricle has been removed and the right coro¬ 
nary artery is seen in situ. A string of muscle string 
remains at the area of the leaflet attachment, marking 
the position of the annulus fibrosus. The relationship 
between the anterolateral leaflet, its annulus fibrosus, 
and the initial part of the right coronary artery may be 
investigated. Note that the right coronary artery is not 
in close proximity to the annulus fibrosus. The leaflets 
are open, as in diastole. The anterolateral leaflet is trian¬ 
gular, giving in a unique structure. The parietal band 
was also dissected, revealing a small superior papillary 
muscle inferiorly to the beginning of the parietal band. 
This muscle is attached to the interventricular septum, 
and is topographically positioned anterior and superior 
to the septal leaflet. The chordae tendineae arise at the 


superior papillary muscle, and anchor the septal part 
of the anterolateral leaflet. Note that they do not run 
toward the septal leaflet. The anterior papillary muscle 
in this specimen is seen from a frontal perspective (Fig. 
8.9). In this view, it is clear that the superior papillary 
muscle, the anterolateral leaflet, and the anterior papil¬ 
lary muscle share a common plane: the border between 
the inflow and outflow tracts of the right ventricle (see 
Fig. 8.9). 
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Fig. 8.10. Right lateral view of the septal leaflet 
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A lateral view of the septal leaflet of 
the tricuspid valve is shown in Fig. 
8.10. The anterolateral and postero¬ 
lateral leaflets have been removed 
and the right atrium dissected at 
the level of its attachment to the 
posterior superior process of the 
left ventricle. Note that the position 
of the septal leaflet is as if in diasto¬ 
le. The anchoring region of the 
leaflet may be investigated in this 
view. On the dry-dissected speci¬ 
men, it can be seen that the leaflet 
attachment is located inferior rela¬ 
tive to the attachment of the right 
atrium. The attachment line of the 
leaflet may be observed as a shal¬ 
low groove at the superior edge of 
the leaflet (Fig. 8.10). It follows an 
oblique direction, running from 
posterior-inferior to superior-ante¬ 
rior. At the superior end, the attach¬ 
ment exhibits an inverted “U” shape, and is posterior to 
the posterolateral wall of the right ventricle (dissected 
in the frontal plane in Fig. 8.10). Note that the origin of 
the right coronary artery is superior to the posterolater¬ 
al wall of the right ventricle. 

The relationship between the septal leaflet attachment 
and the neighbor structures can be seen in the schemat¬ 
ic drawing in Fig. 8.11. The membranous septum and 
the posterior intervalvular triangle are part of the sub¬ 
valvular membrane and are colored yellow in this dia¬ 
gram. Note that the attachment of the septal leaflet and 
the right atrium encloses a triangular area (Fig. 8.11 red 
line and Fig. 8.12). 

The attachment of the septal leaflet may be divided 
into two parts according to its relationship to the mem¬ 
branous and muscular parts of the interventricular sep¬ 
tum (Figs. 8.11 and 8.12). muscular and membranous. 
The majority of leaflet attachments are of the muscular 
type, while the membranous part corresponds to the 
aforementioned reverse “U” segment. In some cases, the 
<£ U”-shaped attachment does not continue to the ante¬ 
rolateral leaflet of the tricuspid valve. This is very im¬ 
portant in tricuspid valve replacement surgery; in cases 
where the septal part of the leaflet is positioned far pos¬ 
terior, needle injury may result in perforation of the 
septum and damage to the His bundle. 


Fig. 8.11 . Attachment of the septal leaflet, schematic drawing 
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On the presented drawing (Fig. 

8 . 11 ), it is clear that the reversed 
<£ U” part of the attachment sepa¬ 
rates the membranous septum on 
the ventricular and the atrial parts. 

The relative size of atrial and ven¬ 
tricular portions is determined by 
the relationship between the septal 
attachment and the membranous 
septum. The posterior position of 
the membranous part of the septal 
leaflet attachment results in small 
atrial and large ventricular parts; 
anterior positioning on the mem¬ 
branous septum has and the re¬ 
verse effect. 

An inferior view of the septal 
leaflet attachment is shown in Fig. 

8.12. The leaflet has been lifted 
from the interventricular septum. 

The chordae tendineae that run to 
the septum have been transected, 
although their origin maybe seen 
on the muscular part of the septum. The chordae run¬ 
ning from the superior papillary anchor the membra- 


Right ventricle Interventricular septum, 
membranous part 

Fig. 8.12. Relationship between the septal leaflet and the membranous septum 


Parietal band 


nous part of the septal leaflet. The muscular part is at¬ 
tached to the muscular septum with the type II chordae. 
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8.2 Surgical Anatomy of the Tricuspid Valve 

8.2.1 Median Sternotomy for the Tricuspid Valve 




incised using the inversed <C T” method. The edges are 
then lifted by using purse-string sutures to facilitate 
exposure of the heart, as presented in (Fig. 8.14). In this 
exposure, the ascending aorta is positioned in front of 
the superior vena cava. Note that the right ventricle is 
located relatively deeply and to the right (Fig. 8.14). This 
special placement of the right lateral surface of the right 
ventricle covers the whole appendage of the right atri¬ 
um. Only a small part of the right 
appendage is seen in this position. 
Note also that the pulmonary in¬ 
fundibulum is in front of the as¬ 
cending aorta. Due to the round 
and posterior course of the pulmo¬ 
nary artery, this large vessel is fi¬ 
nally positioned posterior and to 
the left relative to the ascending 
aorta (Fig. 8.14). Finally, in this ex¬ 
treme right lateral rotation of the 
heart, the wall of the right atrium 
must be exposed to enter the cavity 
of the atrium and to reveal the tri¬ 
cuspid valve. For this purpose, the 
patient and the operating table may 
be rotated to the left, and the right 
appendage subsequently grasped 
using a smooth lung forceps, and 
pulled superiorly and to the left 
(Fig. 8.15). By using these two very 
helpful maneuvers, the posteriorly 
positioned right atrium may be 
brought almost into the anterior as¬ 
pect (Fig. 8.15). Note that now the 
course of the superior vena cava 
may be seen, along with its connec¬ 
tion to the right atrium. The sino¬ 
atrial node (SN) is located at the 
junction of the two structures. Fur¬ 
thermore, the lateral wall of the 
right atrium is exposed. Condensa¬ 
tion of the subepicardial fat tissue 
is observed at the transition of the 
superior vena cava and right atri¬ 
um (Fig. 8.15). This fat tissue marks 
the initial part of the terminal sul¬ 
cus, the superior edge of the termi¬ 
nal sulcus indicates the junction be- 


Right 

auricle 


Right 

ventricle 


The incision and technique for median sternotomy is 
performed as described in Chap. 2. After completion of 
the skin incision cut down of the sternum, the anterior 
mediastinum is exposed (Fig. 8.13). The fat tissue lying 
behind the sternum is dissected down to the pericardial 
sheath. Inferior thymic vein is dissected and subse¬ 
quently ligated. Prior to the pericardial incision, the left 
brachiocpehalic vein is identified. The pericardium is 


Left brachiocephalic vein Thymic vein 
Fig. 8.13. Pericardial incision 


Sternohyoid Left brachiocephalic Ascending Infundibulum 

muscle vein aorta 

Fig. 8.14. Sternocostal surface of the heart 
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tween the superior vena cava and 
the right atrium. It begins at the 
right lateral edges of the superior 
vena cava and of right atrium. 
From this position, the terminal 
sulcus runs in a posterior and diag¬ 
onal direction toward the posterior 
surface of the right atrium. It ends 
posteriorly, at the level of the coro¬ 
nary sulcus. The position of the ter¬ 
minal sulk is equivalent with the 
border between the right append¬ 
age and the sinus venosus of the 
right atrium (Fig. 8.15). One very 
important detail should considered 
at this point: the position of the 
sinus node (SN). The SN is located 
at the initial part of the terminal 
sulcus, at the right lateral edge of 
the superior vena cava. Further 
details of the SN anatomy will be 
described in Sect 10.1. 

Considering all of the aforemen¬ 
tioned morphological relation¬ 
ships, the direction of the right 
atrial incision may now be consid¬ 
ered. The opening cut of the right 
lateral wall of the right atrium may 
be seen on the schematic drawing 
presented in Fig. 8.16, which is a 
copy of the presented in situ speci¬ 
men. The opening incision of the 
right atrium is performed in a di¬ 
agonal direction on the right lateral 
surface of wall of the right atrium. 
The initial segment of opening cut 
is performed inferior to the superi¬ 
or end of the terminal sulcus (Fig. 
8.16); the surgeon must be careful 
to avoid injury to the SN. From 
here on, the incision is extended 
down in a diagonal manner toward 
the inferior vena cava. This incision 
is positioned over the terminal sul¬ 
cus and as such, actually opens the 
right appendage. This diagonal po¬ 
sitioning of the incision is very im¬ 
portant because of the following 
morphological facts: (1) the SN is 
positioned in the initial part of the 
terminal sulcus, and the incision 



Ascending aorta Superior Sinoatrial Terminal sulk Right atrium Inferior vena cava 
vena cava node 



Fig. 8.15. Exposure of the lateral wall of the right atrium 
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Fig. 8.16. Incision on the lateral wall of the right 


Right atrium 
Terminal sulcus 


atrium 


















394 8 Tricuspid Valve 


Ascending aorta Koch's triangle Septal leaflet Coronary sinus 



Superior vena cava Sinoatrial node Oval fossa Inferior vena cava 

Fig. 8.17. Exposure of the right atrial cavity 


Right ventricle 



Tricuspid valve 


Duperiur vena cava Oval fossa Inferior vena cava 

Crista terminalis 

Fig. 8.18. Exposure of the right atrial cavity, schematic drawing 
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should not cross the terminal sul¬ 
cus, thus reducing to a minimum 
any potential to damage the SN; (2) 
the artery to the SNA runs, in very 
rare cases, on the free wall of the 
right atrium, and so the position¬ 
ing of the incision on the lateral 
wall of the right ventricle also re¬ 
duces the chances of damaging the 
blood supply of the SN. 

After completion of the incision 
into the right atrium, the area of the 
interatrial septum is inspected. In 
the presented exposure (Fig. 8.17), 
the interatrial septum is found to 
be positioned almost in a coronal 
plane. The oval fossa is located in 
the middle of the septum; in the 
present case, it is a small structure. 
The opening of the inferior vena 
cava may be seen inferior and pos¬ 
terior to the oval fossa. Note that 
the axis of the inferior vena cava is 
directed toward the superior ante¬ 
rior area of the oval fossa, and that 
there is no limb surrounding the 
oval fossa. In addition, there is no 
valve positioned at the opening of 
the inferior vena cava. The same 
situation is also seen on the sche¬ 
matic drawing in Fig. 8.18, although 
the tricuspid valve is depicted, be¬ 
ing positioned at the anterior infe¬ 
rior area of the oval fossa. In the 
dissected specimen (Fig. 8.17), the 
tricuspid valve is not seen clearly, 
perhaps as a result of the special 
position of the right atrium or the 
natural rotation of the heart to the 
left hand side. 

The ostium of the coronary sinus 
is found in front of the opening of 
the inferior vena cava. Note the 
presence of the valve at the ostium 
of the coronary sinus. The opening 
of the superior vena cava is found 
behind the crista terminalis, which 
is the counterpart of the terminal 
sulcus. Note that the crista runs 
from the roof of the right atrium 
toward the interatrial septum. 
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Superior to the oval fossa, the crista 
divides into the superior and ante¬ 
rior limbs of the oval fossa (Figs. 
8.17 and 8.18). The septal leaflet of 
the tricuspid valve is found in front 
and inferior to the inferior limb of 
the oval fossa (Fig. 8.18). 

In the presented cases, the tri¬ 
cuspid valve is open, the leaflets 
being positioned as in diastole. The 
aim of this exposure was to show 
the position of the posterior and 
anterior papillary muscles. 

Lifting of the posterolateral leaf¬ 
let reveals the inferior papillary 
muscle (see Figs. 8.19 and 8.20). The 
inferior papillary muscle gives rise 
to the chordae tendineae that run 
to the septal and posterolateral 
leaflets, and appears to have two 
heads: septal and anterior. The sep¬ 
tal part gives rise to the chordae 
tendineae that anchor the posterior 
part of the septal leaflet (Figs. 8.19 
and 8 . 20 ), while the anterior head 
gives rise to the chordae that are 
attached to the posterolateral leaflet 
(Figs. 8.19 and 8.20). 


Fig. 8.20. Exposure of the inferior papillary 
muscle, schematic drawing 



Moderator band Inferior papillary muscle, anterior head 


Septal leaflet Septal head inferior Posterolateral leaflet 

papillary muscle 


Fig. 8.19. Exposure of the inferior papillary muscle 
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Anterior papillary muscle 



Anterolateral leaflet Septal leaflet Posterolateral leaflet 


In the following exposure (Figs. 

8.21 and 8 . 22 ), the anterior papil¬ 
lary muscle is brought into view. 
The papillary muscle also has two 
heads, the anterior head, which 
gives rise to the chordae tendineae 
that are anchored to the anterolate¬ 
ral and posterolateral leaflets of the 
tricuspid valve, and the posterior 
head, from which the chordae ten¬ 
dineae run toward the posterolat¬ 
eral leaflet of the tricuspid valve. 


Fig. 8.21. Exposure of the anterior papillary 
muscle 



Pulmonary trunk Tricuspid valve, Anterior Right ventricle 




Tricuspid valve, posterolateral leaflet 


Tricuspid valve, septal leaflet 


Fig. 8.22. Exposure of the anterior papillary 
muscle, schematic drawing 
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nally, the tricuspid valve is shown 
in the closed position, as found 
during systole (Figs. 8.23 and 8.24). 
All three leaflets are visible; it is 
very important in this projection to 
distinguish the three leaflets and 
the three commissures. 


Fig. 8 .23. The leaflets and the annulus fibro- 
sus (dashed line) of the tricuspid valve 
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Fig. 8.24. Tricuspid valve as seen during 
surgery, schematic drawing 
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Fig. 8.25. Pericardial incision 


8.2.2 Inferior "T" Sternotomy for the Tricuspid 
Valve 

The tricuspid valve may be also approached by using the 
inferior “T” sternotomy. This approach is described in 
detail in Chap. 2. Using this limited sternal incision, the 
middle and the inferior mediastinum is exposed. Thus, 
the right atrium and the tricuspid valve are positioned 
in the middle and inferior mediastinum. This inferior 
incision of the sternum enables an adequate inspection 
of the tricuspid valve. The sternum is incised between 
the xiphoid notch and the third intercostal space. Fol¬ 
lowing the opening incision and insertion of the sternal 
spreader, the anterior mediastinum is exposed. The re¬ 
siduum of the thymus is presented in most adult patients 
as fat tissue, which is dissected down to the anterior 
sheath of the pericardium. The thymic vein should be 
identified and followed up to the superior edge of the 
sternal incision (Fig. 8.25). 


The pericardium is then incised in an inverse “T” fash¬ 
ion. The vertical incision begins inferior to the superior 
edge of the sternal incision and is extended down to the 
level of the diaphragm. The left and right horizontal in¬ 
cisions are created from the inferior point of the vertical 
incision. The pericardial edges are then lifted using 
purse-string sutures that are fixed to the sternal spread¬ 
er. Note that a special minimally invasive sternal spread¬ 
er is used for this approach. 
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The exposed heart is presented in 
Fig. 8.26. The right appendage ap¬ 
pears in the right superior part of 
the presented situs. The right ven¬ 
tricle fills almost the entire exposed 
mediastinum. Branches of the right 
coronary artery may be seen run¬ 
ning to the sternocostal surface of 
the right ventricle. The interven¬ 
tricular groove is found in the left 
lateral position; this structure is in¬ 
dicated by the anterior interven¬ 
tricular artery. However, the more 
superficially positioned great cardi¬ 
ac vein is more prominent than the 
deeper-positioned artery 
(Fig. 8.26). 


Fig. 8.26. Anterior surface of the heart 



Pulmonary trunk Left auricle Great cardiac vein Left anterior descending branch 
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The lateral wall of the right ventri¬ 
cle must be exposed to perform the 
opening atrial incision. Thus, the 
heart must be lifted toward the left 
direction (see Fig. 8.27). The termi¬ 
nal sulcus is the most important 
landmark, and is seen very clearly 
in this exposure. Inferior vena cava 
is found at the inferior part of the 
right atrium; its entrance into the 
thorax cavity through the dia¬ 
phragm is seen here. The opening 
incision is made with a diagonally 
directed cut, beginning superior to 
the terminal sulcus, and running 
toward the inferior vena cava. 

Fig. 8.27. Exposure of the right lateral wall 
of the right ventricle 
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Oval fossa Opening of coronary sinus (Thebesian valve) 


Crista terminalis Valve of inferior vena cava Inferior vena cava 
Fig. 8.28. Exposure of the right atrial cavity 
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The opened right atrium is pre¬ 
sented in Fig. 8 .28. The edges of the 
opened right atrium have been 
exposed using purse-string sutures 
and a Cooley hook (Fig. 8.28). This 
exposure provides an almost fron¬ 
tal plane, revealing the openings of 
the inferior and superior vena 
cavae. The oval fossa is located in 
the middle of the interatrial sep¬ 
tum, and is surrounded by the infe¬ 
rior superior and anterior limbs. 
The posterior part is open, reveal¬ 
ing the lumen of the inferior vena 
cava (Figs. 8.28 and 8.29). The valve 
of the inferior vena cava can be 
seen at the edge of the inferior vena 
cava opening, as a thin membra¬ 
nous structure. The opening of the 
coronary sinus may be observed 
inferior to the valve of the inferior 
vena cava, which extends toward 
the inferior limb of the oval fossa. 
The ostium of the coronary sinus is 
positioned at the transition be¬ 
tween the aforementioned valve 
and the inferior limb (Figs. 8.28 and 
8.29). The superior vena cava open¬ 
ing is located over the posterior 
part of the superior limb, and the 
tricuspid valve is seen in a plane 
that is almost perpendicular to the 
plane of the interatrial septum, and 
is not visible in this view. The sche¬ 
matic drawing in Fig. 8.29 shows 
the position of the tricuspid valve 
when exposed using this approach. 


Fig. 8.29. Exposure of the right atrial cavity, 
schematic drawing 
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The opened valve is shown in Fig. 
8.30 and its corresponding sche¬ 
matic drawing (Fig. 8.31). The sep¬ 
tal leaflet comes in this view in 
inferior position. The anterior leaf¬ 
let is in a superior position and the 
posterior leaflet comes in laterally. 
Note the position of the anterior 
posterior and septal part of annu¬ 
lus fibrosus, this was marked as 
dashed line (Figs. 8.30 and 8.31). 


Fig. 8.30. Annulus fibrosus of the tricuspid 
valve 
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Fig. 8.31. Tricuspid valve and its relation¬ 
ship to the cavity of the right atrium, sche¬ 
matic drawing 
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Anterolateral leaflet Septal leaflet Posterolateral leaflet 


Koch's triangle Opening of coronary sinus 


The valve is in a closed position in 
Figs. 8.32 and Fig. 8.33, as during 
systole. As shown here, the all three 
leaflets are exposed, as well as the 
entire circumference of the annu¬ 
lus. The septal leaflet is seen in an 
inferior posterior projection. The 
anterior leaflet is seen in an ante¬ 
rior superior position and the pos¬ 
terior leaflet is seen in a posterior 
inferior position. 


Fig. 8 .32. The leaflets of the tricuspid valve 
in the diastolic position 
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Fig. 8 .33. The leaflets of the tricuspid valve 
in the diastolic position, schematic drawing 
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8.2.3 Anterolateral Thoraco¬ 
tomy for the Tricuspid 
Valve 


The tricuspid valve may be ap¬ 
proached using the right lateral 
thoracotomy procedure. This ap¬ 
proach is described in detail in 
Chap. 2. Using this minimally inva¬ 
sive approach, the heart is exposed 
from the right lateral side, and is 
particularly useful for redo opera¬ 
tions, in which extended mediasti¬ 
nal adhesions are likely to be expe¬ 
rienced. The right lateral approach 
enables an adequate exposure of 
the right atrium of the ascending 
aorta and the great veins without 
exposure of the mediastinum. 

After completion of the chest- 
wall incision and insertion of the 
rib spreader, the right lateral sur¬ 
face of the pericardium is exposed. 

This exposure may be facilitated by 
retracting the right lung into the 
posterior chest compartment (as 
seen in Fig. 8.34, wherein the right 
lung has been retracted into the 
posterior compartment of the right 
chest cavity). The right phrenic 
nerve is seen running in front of 
the right pulmonary ligament. Note 
that in this case the phrenic nerve 
holds a very deep positioned (Fig. 

8.34). The pericardium is incised 
using a horizontal opening cut that 
is positioned approximately two 
finger-breadths superior to the 
phrenic nerve. After the pericardi¬ 
um was incised to an appropriate 
length, the pericardial edges are 
lifted to expose the right atrium. 

This is achieved using the purse¬ 
string sutures, which in general are 
fixed to the spreader. The exposed 
right atrium is seen on (Fig. 8.35). The opening of the 
right atrium is achieved as described previously, using a 
diagonally directed incision, beginning in front of the 
terminal sulcus and extending over the lateral surface of 
the right appendage. 


Right lung Right phrenic nerve Pericardium Diaphragm 

Fig. 8.34. Exposure of the right lateral surface of the pericardium. Note the run-off of the 
phrenic nerve 
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Fig. 8.35. Exposure of the right atrium following pericardial incision 
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Fig. 8.36. Right lateral view of the right atrial cavity 
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The incision ends in front of the 
connection between the inferior ve¬ 
na cava and the right atrium, thus 
exposing the cavity of the right 
atrium (Fig. 8.36). Retractors have 
been inserted; the atrial septum in 
this projection is placed almost in a 
vertical direction. The schematic 
drawing of this morphological situ¬ 
ation is presented in Fig. 8.37. Note 
that the tricuspid valve is placed at 
the superior anterior level of the in¬ 
teratrial septum (Figs. 8.36 and 
8.37). A part belonging to the sep¬ 
tal leaflet may be seen on the dis¬ 
sected specimen (Fig. 8.36). The 
openings of the superior and inferi¬ 
or vena cavae are clearly exposed 
from this direction, that of the infe¬ 
rior vena cava being inferior to the 
ending of the atrial opening inci¬ 
sion, while that of the superior ve¬ 
na cava is beyond the oval fossa. 
The tricuspid valve was exposed in 
the schematic drawing; however, 
the position of the valve is indicat¬ 
ed in Fig. 8 .38. The course of the 
annulus fibrosus was marked by ar¬ 
rows as presented in Fig. 8.38. 


Fig. 8.37. Right lateral view of the right 
atrial cavity, schematic drawing 
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The open valve condition, as dur¬ 
ing diastole, is presented in Fig. 

8.38. the leaflets are in the open po¬ 
sition, the septal leaflet being in the 
inferior projection, the anterior 
cusp is in the superior position, 
and the posterior leaflet in the pos¬ 
terior position. The closed valve 
condition, as during systole of the 
right ventricle, is shown in Fig. 

3.39. Although the closed valve is 
presented in the same specimen as 
in the previous case, the position of 
the leaflets appears to be different. 
The septal leaflet is in the anterior 
inferior position, the anterior leaf¬ 
let is in the anterior superior posi¬ 
tion, and the posterior leaflet is in 
posterior inferior position. The 
border between the leaflets and the 
wall of the right atrium is present¬ 
ed as shallow groove. This struc¬ 
ture shows the annulus fibrosus of 
the tricuspid valve (Fig. 8.39). 


Anterolateral Posterolateral 
Septal leaflet leaflet leaflet 



Opening of coronary sinus Opening of inferior vena cava Diaphragm 

Fig. 8.38. Tricuspid valve in the systolic position. The annulus is indicated by arrows 
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Fig. 8.39. Tricuspid valve in the diastolic 
position 
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This situation, which is presented 
on the schematic drawing in Fig. 
8.40, can be used to examine the 
relationship between the valve and 
the interatrial septum, the opening 
of the coronary sinus, and the oval 
fossa. The posterior leaflet is infe¬ 
rior to the opening of the coronary 
sinus, and the septal leaflet, in its 
inferior anterior position, creates 
the border of Koch’s triangle. Koch’s 
triangle will be discussed in detail 
in Chap. 9. 


Fig. 8.40. Tricuspid valve in the diastolic 
position, schematic drawing 
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9.1 General Anatomy of the Interventricular Septum 
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Fig. 9.1 . Orientation and morphology of the interventricular septum, inferior view 
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Pulmonary trunk The interventricular septum is a 

wall between the left and right ven¬ 
tricles, and a major part of that 
wall comprises components of the 
right and left ventricular muscula¬ 
ture. A smaller, membranous part 
of the interventricular septum lies 
beyond the connection between the 
aortic root and the tricuspid valve. 
This characteristic structure will be 
discussed herein. We will discuss 
the submacroscopic morphology of 
both the muscular and membra¬ 
nous parts of the septum. First, a 
detailed description of the anatomy 
is presented, and then a description 
of the blood supply of the septum. 

A cross section of the muscular 
septum is viewed from an inferior 
direction in the specimen presented 
in Fig. 9.1 and its corresponding 
schematic drawing (Fig. 9.2). The 
dissection runs in a horizontal plane 
at the border between the superior 
and middle thirds of the left ventricle. Here, one can see 
clearly that the right ventricle wraps around the left 
ventricle, extending between the anterior and posterior 
interventricular sulci (Fig. 9.1). On the schematic draw¬ 
ing (Fig. 9.2), the anterior and posterior descending cor¬ 
onary arteries can be seen in the anterior and posterior 
grooves. The left ventricle is indicated in red and the 
right ventricle in blue. It is essential to understand the 
anatomical regions of the septum in order to discuss in 
detail the clinical characteristics of the septum and its 
blood supply. 

The septum comprises anterior, posterior, and apical 
areas. The anterior part of the septum wall is directed 
anterior and superiorly, the inferior part is directed in- 
feriorly and to the right and laterally, and the apical ar¬ 
ea includes the apex of the septum. This morphological 
situation is depicted in Fig. 9.4. The dashed line indi¬ 
cates the border between the mentioned segments 
(Fig. 9.4). 


Fig. 9.2. Orientation and morphology of the interventricular septum, 
inferior view, schematic drawing 
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Right ventricle 



Fig. 9.4. Interventricular septum, left lateral aspect, schematic 
drawing 


We will now discuss structure of the septum as seen 
from the left and right sides. In Figs. 9.3 and 9.4, the 
septum has been isolated from the left and right ven¬ 
tricular musculature, and an incision made on the left- 
and right-hand sides of the anterior interventricular 
groove. In this way, the left and right ventricles have 
been removed, leaving only the septum. In the first in¬ 
stance, we investigated the left side of the interventricu¬ 
lar septum, as shown in Figs. 9.3 and its corresponding 
schematic drawing (Fig. 9.4). The right coronary sinus 
and the right side of the noncoronary sinus may be 
seen. The aortic valve leaflets have been removed. The 
ostium of the right coronary artery is positioned cen¬ 
trally in the right coronary sinus. Beneath and to the 
left of the right coronary artery, there is also an open¬ 
ing, which corresponds to the origin of the conus artery 
(Fig. 9.3). On the schematic drawing (Fig. 9.4), the right 
coronary sinus is marked in blue and the noncoronary 
sinus in green. 

In this projection, the right half of the mitral valve 
ostium is brought into view (Figs. 9.3 and 9.4). In the 
schematic drawing (Fig. 9.4), the mitral valve is indicat¬ 
ed in orange; note that this part of the mitral valve is 
positioned behind the noncoronary sinus and is pre¬ 
sented as a posterior roof of the muscular septum 


(Figs. 9.3 and 9.4). Here, one can see that the anterior 
third of the mitral valve ostium is directly connected to 
the membranous septum, which is indicated in yellow. 
The posterior two-thirds of the mitral valve are attached 
to the muscular part of the septum. 

The muscular part of the septum makes up the majo¬ 
rity of the interventricular septum, and the membra¬ 
nous part is located inferior to the right and noncorona¬ 
ry sinuses. Superiorly, the membranous septum contin¬ 
ues into the right intervalvular triangle (Figs. 9.3 and 
9.4). Note that at the level of the deepest point of the 
right coronary sinus, the left bundle of the atrioventric¬ 
ular bundle enters the left ventricle. This entry point is 
seen on the schematic drawing, wherein the bundle is 
indicated in orange. Note that after its initial unique 
course, the bundle divides into the anterior and posteri¬ 
or parts (Fig. 9.4). The clinically very important areas of 
the septum are indicated in Fig. 9.4. the anterior, inferi¬ 
or, and apical parts. The meaning of these parts will be 
discussed later. 
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Fig. 9.5. Interventricular septum, right lateral aspect 
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Fig. 9.6. Interventricular septum, right lateral aspect, schematic 
drawing 


The right side of the same specimen as in Figs. 9.3 and 
9.5 is presented in Figs. 9.5 and Fig. 9.6, respectively, in 
which the interventricular septum is inspected from the 
right lateral view. The right coronary sinus and the right 
part of the noncoronary sinus are located at the supe¬ 
rior anterior area of the interventricular septum (Figs. 
9.5 and 9.6). On the schematic drawing in Fig. 9.6, the 
right coronary sinus is marked in blue and the noncoro¬ 
nary sinus in green. The opening of the right coronary 
artery is positioned in the middle of the right coronary 
sinus. The infundibular part of the right muscular sep¬ 
tum may be seen in front of the right coronary sinus. 
Note that the infundibular part of the septum wraps 
around the right coronary sinus (Figs. 9.5 and 9.6). The 
attachment of the lateral wall of the right ventricle to 
the muscular part of the septum is found inferior to the 
right coronary sinus (Figs. 9.5 and 9.6). The lateral wall 
of the right ventricle is attached with its posterior part 
to the membranous septum (Fig. 9.5), which is indicated 
in yellow (Fig. 9.6) and is placed between the right and 
noncoronary sinuses. The right atrium has been dis¬ 
sected just superior to its attachment, which is superior 
to the septal leaflet (Figs. 9.5 and 9.6). The attachment of 
the septal leaflet is an inferior curved line with its high¬ 
est point at the attachment to the membranous septum. 


This part of the attachment plays a very important role 
in the division of the membranous septum. Superior to 
the attachment of the tricuspid valve, the septum be¬ 
longs to the atrial part, and inferiorly, the part belongs 
to the ventricular interventricular septum. The size of 
the atrial part of the membranous septum in the major¬ 
ity of cases depends upon the level of the anterior at¬ 
tachment of the tricuspid valve. The higher the attach¬ 
ment, the smaller will be the part of the atrial septum. It 
is very important to note that the atrioventricular node 
and the His bundle are positioned just superior to the 
septal leaflet. The His bundle and the right fascicle run 
at the inferior border of the atrial membranous septum; 
after crossing the attachment of the tricuspid valve, the 
right bundle enters the ventricular septum. 

The right interventricular septum is positioned infe¬ 
rior to the attachment of the septal leaflet. The superior 
and inferior papillary muscles give rise to the chordae 
tendineae, which are attached to the septal leaflet. The 
superior papillary muscle is positioned lateral and ante¬ 
rior to the moderator band (Fig. 9.5). 
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Fig. 9.8. Interventricular septum, membranous part, frontal 
view, schematic drawing 
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Fig. 9.7. Interventricular septum, membranous part, frontal 
view 


The anatomy of the membranous septum will now be 
discussed. The membranous septum is shown in the 
frontal direction, as seen on the specimen in Fig. 9.7 and 
its corresponding drawing (Fig. 9.8). The dissection 
plane runs in the frontal plane through the superior 
anterior part of the septal leaflet of the tricuspid valve 
attachment. The noncoronary and left coronary sinuses 
are also seen in the frontal plane, although here only the 
posterior part of both sinuses is identified. The anterior 
leaflet of the mitral valve is inferior to the aortic root, 
and is seen in a frontal projection. The noncoronary 
sinus is green and the left coronary sinus is red, triscu- 
pid valve is lateral to the noncoronary sinus. The mem¬ 
branous septum is positioned between the muscular 
septum and the base of the noncoronary sinus (Figs. 9.7 
and 9.8). Note that cartilage tissue may be identified at 
the attachment of the membranous septum to the non¬ 
coronary sinus. This cartilaginous tissue condensation 
belongs to the right fibrous trigone, which is seen here 
in the frontal direction (Figs. 9.7 and 9.8). The superior 
part of the septal leaflet of the tricuspid valve may be 
found at the right side of the membranous septum, infe¬ 


rior to the attachment of the anterior leaflet of the mi¬ 
tral valve (Figs. 9.7 and 9.8). The part of the septum that 
is positioned between the mitral valve and the tricuspid 
valve attachment corresponds to the atrial part. Note 
that the perforation of this part connects the right atri¬ 
um to the left ventricle. The ventricular part positioned 
inferior to the attachment of the tricuspid valve is the 
effective interventricular septum. From the presented 
morphological relationships, it is clear that defects of 
the membranous septum can cause tricuspid valve in¬ 
sufficiency. In larger defects, the noncoronary sinus 
loses its attachment support at the superior edge of the 
septum, which may result in protrusion of the noncoro¬ 
nary leaflet into the outflow tract of the left ventricle. 
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Fig. 9.9. Interventricular septum and its relationship to the outflow tracts of the right 
and left ventricles 
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Fig. 9.10. Interventricular septum and its relationship to the outflow tracts of the right and left 
ventricles, schematic drawing 


valve (see also the corresponding 
drawing in Fig. 9.10). The section 
plane is in the horizontal direction, 
the level of the section running at 
the deepest point of the right coro¬ 
nary sinus, anteriorly through the 
middle of the anterior and left pul¬ 
monary sinuses, and at the poste¬ 
rior part through the mitral valve 
annulus (Figs. 9.9 and 9.10). The 
membranous septum has thus been 
dissected at its middle (marked in 
yellow on Fig. 9.10 and dashed line 
on Fig. 9.9). At its anterior edge, the 
membranous septum is in contact 
with the right coronary sinus, and at 
it posterior edge, which is very near 
to the annulus fibrosus of the mitral 
valve, the septum is attached to the 
right fibrous trigone. Note that to 
the left-hand side, the membranous 
septum is viewed directly in front of 
the left ventricular outflow tract, 
which is presented in this specimen 
as a space between the anterior leaf¬ 
let of the mitral valve and the right 
coronary ostium. The right coro¬ 
nary sinus and the membranous 
septum are positioned in front of 
the left ventricular outflow tract. 
The mitral valve is inspected in this 
projection from the superior part; 
the posterolateral commissure 
comes very close to the right fibrous 
trigone. The septal leaflet of the tri¬ 
cuspid valve (colored violet in Fig. 
9.10) is positioned on the right side 
of the membranous septum. The 
attachment to the septum is seen 
only at the posterior part of the 
membranous septum. This projec¬ 
tion of the pulmonary root is very 
interesting, because as a result of 
the oblique course of the pulmonary 
root, the horizontal dissection re¬ 


in the following specimen (Fig. 9.9), the membranous 
septum may be inspected from the superior view; this 
situation may be used to investigate the topographical 
relationships of the membranous septum to the aortic 
root, outflow tract of the left ventricle, and tricuspid 


veals that the anterior and left pul¬ 
monary sinuses are opened in an almost horizontal direc¬ 
tion. Note the closed position of the anterior and left pul¬ 
monary valve leaflets (Figs. 9.9 and 9.10). The course of 
the coronary arteries may also be seen on the dry-dis¬ 
sected specimen, (filled with contrast material; Fig. 9.9). 
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We will first describe the general 
anatomy of the septum blood sup¬ 
ply, focusing in particular on the 
anatomy of the first septal artery 
and its relationship to the muscula¬ 
ture of the interventricular septum. 

The classification of the interven¬ 
tricular septum blood supply will 
then be described using special an¬ 
giograms and schematic drawings. 

The specimens and correspond¬ 
ing drawings are presented from 
two different directions: left and 
right. In the first case, the anterior 
left ventricular wall has been re¬ 
moved to expose the outflow tract 
of the left ventricle (Figs. 9.11 and 
9.12). Note here that the arteries 
have been filled with white contrast 
material. The pulmonary artery has 
been transected at the sinotubular 
junction, and the ascending aorta 
has been removed. The left ventri¬ 
cle has been removed at the poste¬ 
rior and anterior interventricular 
sulcus, and consequently the left 
surface of the interventricular sep¬ 
tum is seen from the left lateral 
view. The anterior descending 
branch runs at the anterior edge of 
the septum. The posterior descend¬ 
ing branch is found at the posterior 
level of the interventricular septum 
(Figs. 9.11 and 9.12). The anterior 
leaflet of the mitral valve is attached 
to the left and noncoronary sinuses; 
the anterior leaflet has been tran¬ 
sected inferior to its attachment. At its anterior edge, 
the valve is connected to the ventricular musculature. 
On the schematic drawing (Fig. 9.12), the anterior leaf¬ 
lets of the mitral valve is indicated in yellow. The first 
branch of the anterior descending artery is the large 
first septal artery, the origin of which is presented on 
Figs. 9.11 and 9.12. The course of the first septal artery 
has been dissected from its origin down to the inferior 
third of the septum. Note that the artery branches after 
a short course into three larger segments. These three 
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Fig. 9.11. First septal artery in relation to the left ventricular outflow tract, left lateral view 
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Fig. 9.12. First septal artery in 
relation to the left ventricular 
outflow tract, left lateral view, 
schematic drawing 
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Fig. 9.13. First septal artery in relation to the right ventricular outflow tract, right lateral view 
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Fig. 9.14. First septal artery in relation to the right ventricular outflow tract, right lateral view, 
schematic drawing 


arteries run in parallel toward the 
apex (Figs. 9.11 and 9.12). However, 
the course of the branches may be 
followed only to the inferior third 
of the septum. Note that the arter¬ 
ies from this view are relatively 
deep in the septal musculature and 
are distant from the left ventricular 
endocardium. 

The first septal artery in the fol¬ 
lowing specimen is presented from 
the right aspect in Figs. 9.13 and 
9.14. The anterior wall of the right 
ventricle has been removed to ex¬ 
pose the right ventricular outflow 
tract. The anterior wall of the pul¬ 
monary root remains in situ. In this 
case, the first septal artery arises 
from the initial part of the anterior 
descending branch; however, there 
is an equivalent large artery run¬ 
ning parallel to the first septal ar¬ 
tery. In cases where there is a sec¬ 
ond large artery also originating 
from the anterior descending 
branch, the nomenclature labels this 
branch the second septal artery. In 
the presented case, both arteries run 
in parallel toward the apex. Note 
that the main difference between 
the left- and right-side exposures is 
the depth of the septal arteries: at 
the right ventricle, the septal arter¬ 
ies lie superficial to the endocardi¬ 
um (Fig. 9.13), whereas at the left 
ventricle, the arteries are positioned 
very deep in the ventricular muscu¬ 
lature (Fig. 9.11). This right suben¬ 
docardial position of the septal ar¬ 
teries is clinically important, espe¬ 
cially with regard to manipulation 
of the pulmonary infundibulum. In¬ 
cision of the short posterior wall of 
the infundibulum is often per¬ 
formed; a superiorly positioned sep¬ 
tal artery may be divided coinciden¬ 
tally by resection of the infundibu¬ 
lar wall. Conversely, dissection of 
the pulmonary root in the Ross pro¬ 
cedure also demands manipulation 
of the high septal area beyond the 
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posterior wall of the infundibulum; Sinoatrial 
here, the surgeon must also have an node artery 
exhaustive knowledge of the anat¬ 
omy of the first septal artery. As we 
are gong to see in the following 
classification, in some cases the 
septal artery may supply the major¬ 
ity of the muscular septum, and so 
surgical damage to that artery may 
result in ischemia of the supplied 
area. This in turn, depending on 
the septal area supplied by the sep¬ 
tal artery, may lead to postopera¬ 
tive heart failure. 

Depending on the level of origin 
from the anterior descending 
branch, the first septal artery may 
be termed superior, middle, or infe¬ 
rior. The superior septal artery orig¬ 
inates from the superior third of the 
anterior descending branch, the 
middle from the middle third, and 
the inferior from the inferior third. 

The morphological variants of the interventricular sep¬ 
tum blood supply will now be presented. 

In our investigation series, the described cases were 
found as frequently repeating cases. For the purposes of 
investigation, only hearts without pathological alter¬ 
ation were used. Initially, contrast material was injected 
into the left and right coronary arteries, and subse¬ 
quently, coronary angiograms were performed. The left 
and right ventricles were opened lateral to the anterior 
and posterior interventricular groove to allow optimal 
coronary angiograms of the interventricular septum. 
The left ventricle was entered by cutting through the 
aorta, downward along the left side of the interventricu¬ 
lar septum to the apex. The right ventricle was opened 
through the right atrium at the right side of the septum, 
downward to the apex. The heart was thus opened like a 
book; the interventricular septum was exposed in the 
horizontal plane, and coronary angiograms were then 
taken (Fig. 9.15). In Fig. 9.15, the left anterior descending 
branch is located at the anterior edge of the septum, and 
the posterior descending branch at the posterior edge of 
the septum. Consequently, the blood supply of the mus¬ 
cular septum is projected in the horizontal plane and 
may be easily investigated. In addition, schematic draw¬ 
ings were made corresponding to each morphological 
variant. In these drawings, the free wall of the right ven¬ 
tricle has been removed and the septum and its blood 
supply are inspected from the right lateral view (Fig. 
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Fig. 9.15. Septal blood supply, type A, angiography 



Fig. 9.16. Septal blood supply, type A, schematic drawing 

9.16). The septal leaflet of the tricuspid valve is indi¬ 
cated in pink, the attachment of the left atrium in 
orange, that of the right atrium in green, and the sub¬ 
valvular membrane is yellow. 

In the first case, the majority of the interventricular 
septum is supplied by the left coronary artery; this type 
of septal blood supply is described as type A, wherein 










416 9 The Interventricular Septum 


the anterior descending branch turns after reaching the 
apex area, running to the posterior intervalvular groove, 
and ends at the middle third of the posterior groove. The 
posterior descending branch of the right coronary artery 
maybe found in the superior one-third of the posterior 


interventricular groove (Figs. 9.15 and 9.16). Note that 
on the coronary angiogram there is one large first septal 
artery, which originates from the superior part of the 
anterior descending branch (Fig. 9.15 arrow). 
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Fig. 9.17. Septal blood supply, type B, angio¬ 
graphy 



In the next case, the left coronary artery courses to the 
inferior third of the posterior groove, and the right cor¬ 
onary artery may be traced to the middle third of the 
posterior groove (type B; Figs. 9.17 and 9.18). The con¬ 
nection between the left and the right coronary arteries 
is found at the border between the middle and inferior 
thirds of the posterior groove. Note that on the coro¬ 
nary angiogram (Fig. 9.17 arrow), the large septal artery 
originates from the superior part of the descending 
artery. After a short course, the artery divides into the 
two end branches. The septal blood supply is also visi¬ 
ble in this angiogram. Note that the branches of the 
anterior descending artery reach the anterior two-thirds 
of the septum. The branches that arise from those ves¬ 
sels positioned in the posterior groove supply the poste¬ 
rior third of the septal area (Fig. 9.17). 


Fig. 9.18. Septal blood supply, type B, schematic drawing 
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Fig. 9.19. Septal blood supply, type C angio- 
graphy 
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Both the type C anterior descending branch and the 
posterior descending branch reach the apex of the heart 
(Figs. 9.19 and 9.20). The anterior two-thirds of the sep¬ 
tum are supplied by the left anterior descending branch 
and the posterior third by the posterior descending ar¬ 
tery. Regarding the blood supply of the posterior third 
of the septum, note that in Figs. 9.19 and 9.20, the supe¬ 
rior third is supplied by the right superior septal artery. 
This artery originates directly form the right coronary 
artery and does not belong to the posterior descending 
branch. The posterior descending branch reaches the 
posterior groove at the middle third, and may be traced 
down to the apex. Consequently, the inferior two-thirds 
of the posterior part of the septum are supplied by 
branches that arise from the posterior descending ar¬ 
tery (Figs. 9.19 and 9.20). Note that the first and second 
large septal arteries arise from the middle third of the 
anterior descending branch (Fig. 9.19 arrow). 



Fig. 9.20. Septal blood supply, type C, schematic drawing 
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Fig. 9.21. Septal blood supply, type D angio¬ 
graphy 
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In Figs. 9.21 and 9.22, the anterior descending artery ter¬ 
minates at the area of the inferior third of the posterior 
sulcus (type D). Note that this is a very rare case, in that 
the first septal artery originates from the inferior part of 
the anterior descending artery (Fig. 9.21 arrow). This 
morphological variant may be of importance in occlu¬ 
sive disease of the descending branch. We know that in 
most cases the occlusion occurs at the initial 4 cm of the 
artery. Consequently, in the case presented here, occlu¬ 
sion of the anterior descending branch may result in is¬ 
chemia of the apical part of the septum, which in the 
acute phase may lead to septal perforation in this area. 


Fig. 9 .22. Septal blood supply, type D, schematic drawing 
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Right coronary artery 


Fig. 9 .23. Septal blood supply, type E angio- 
graphy 


Posterior interventricular branch Circumflex branch Posterolateral branch 



Posterolateral branches Anterior interventricular Diagonal branch Marginal 

of the right coronary artery branch branch 


In Figs. 9.23 and 9.24, the interventricular septum is 
supplied mostly by the left coronary system (type E). 
The anterior descending branch terminates at the infe¬ 
rior third of the posterior sulcus. Furthermore, the 
small posterior descending artery originates from the 
left coronary artery and supplies the superior third of 
the posterior part of the interventricular septum 
(Figs. 9.23 and 9.24). However, the posterolateral branch 
of the right coronary artery provides the blood supply 
to the middle third of the posterior part of the septum 
(Figs. 9.23 and 9.24). The first septal artery originates 
from the superior third of the anterior descending 
branch (Fig. 9.23 arrow). 
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Fig. 9.25. Sternocostal surface of the heart 


Right ventricle 


Knowledge of the surgical anatomy 
of the interventricular septum be¬ 
comes relevant in adult cardiac sur¬ 
gery for the operative treatment of 
postinfarction septal wall ruptures. 

Postinfarction ventricular septal 
defects are a complication of acute 
myocardial infarction, and occur 
following 1-2% of acute myocardial 
infarctions. From the morphologi¬ 
cal point of view, postinfarction 
septal defects are most commonly 
located in the anterior and apical 
parts of the septum (approximately 
60% of cases). This is a conse¬ 
quence of occlusion of the anterior 
descending branch. To be more 
precise, of occlusion of the inferior 
part of the anterior descending 
branch. When the apex is also sup¬ 
plied by the right coronary artery 
(see also Fig. 9.19), the anastomosis 
between the left and right coronary 
arteries prevents an infarction. Furthermore, in the pre¬ 
sent case, where the posterior descending artery is well 
developed, occlusion of the anterior descending artery 
in its middle third results in only anterior myocardial 
infarction; the apex continues to be perfused due to the 
blood supply from the posterior descending branch. In 
about 20-40% of cases, the rupture occurs in the poste¬ 
robasal part of the septum, which is usually a conse¬ 
quence of infarction in the posterior descending artery 
supply area. 

As one can see, a complete understanding of the mor¬ 
phological factors that may play a role in the develop¬ 
ment of septal defects requires a detailed knowledge of 
the previously described anatomical variants. 

To approach the aforementioned septal areas, the 
heart is exposed by way of a total medial sternotomy. 
After the sternum is divided, a sternal spreader may be 
inserted and the retrosternal tissue dissected down to 
the anterior sheath of the pericardium. The pericardial 
incision is made in an inverse “T” fashion and the ster¬ 
nocostal surface of the heart exposed as shown in Fig. 
9.25. For exposure of the corresponding septal region, 
left ventricular incisions are required. For anterior de¬ 
fects, the incision is made at the sternocostal surface of 
the left ventricle, to the left of the anterior interventric¬ 


ular groove. The anterior descending artery and the ac¬ 
companying vein are the most precise natural indicators 
of the anterior groove. This is true especially in the case 
of extensive condensation of the epicardial fat tissue, as 
presented in Fig. 9.25, wherein although the anterior de¬ 
scending branch is seen clearly, the extensive fat tissue 
condensation obscures the view of the anterior inter¬ 
ventricular groove, which may thus not be identified 
(see arrows). The left ventricular musculature may be 
identified to the left of the anterior descending branch. 
Note that the branches that run toward this part of the 
left ventricular musculature are conjoined with the ve¬ 
nous vessels. The incision of the left ventricle is normal¬ 
ly one to two finger-breadths lateral to the anterior de¬ 
scending artery. 
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Anterior descending artery and its vein Left ventricle Posterior cardiac vein 



Fig. 9.26. Run-off of the left ventricular opening incision 



Exposure of the posterior interven¬ 
tricular groove is not simple, as the 
whole heart has to be dislocated 
forward and out of the pericardi¬ 
um, as presented in Fig. 9.26. In ad¬ 
dition, a left ventricular incision 
should be performed to the left of 
the posterior interventricular 
groove. The most accurate indica¬ 
tor of the posterior groove is the 
posterior cardiac vein (Fig. 9.26), 
which in most cases is positioned 
over the posterior interventricular 
groove. The incision of the left ven¬ 
tricle should thus be performed ap¬ 
proximately two finger-breadths 
lateral to that vein. 

The schematic drawing in Fig. 
9.27 presents a combination of an¬ 
terior and posterior incisions of the 
left ventricle. Here, the heart is ex¬ 
posed by way of a median sternoto¬ 
my, the pericardial edges are lifted 
with purse-string sutures, and a 
cardiopulmonary bypass is insti¬ 
gated via aortic and bicaval cannu- 
lation. Note that the heart is viewed 
as seen from the surgeon’s perspec¬ 
tive in the operating theater during 
the procedure (Fig. 9.27). The open¬ 
ing cut of the left ventricle is posi¬ 
tioned just lateral to the anterior 
and posterior grooves; note that 
both grooves represent the anterior 
and posterior borders of the inter¬ 
ventricular septum. Naturally, the 
opening cut may be reduced only 
on the anterior or posterior sur¬ 
faces of the left ventricle. Note the 
presented drawing is figurative, but 
shows the topographical relation¬ 
ship between the interventricular 
septum and the position of the in¬ 
cisions (Fig. 9.27). 


Fig. 9 .27. Opening incision of the left ventricle, lateral to the anterior sulcus 
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Following this step, the interven¬ 
tricular septum is viewed from the 
right superior lateral side, as pre¬ 
sented in Fig. 9.28 and its corre¬ 
sponding schematic drawing (Fig. 
9.29). Left ventricle is on the right 
lateral side of the heart and both 
the anterior and posterior papillary 
muscles of the mitral valve remain 
intact; the anterior leaflet of the mi¬ 
tral valve is located in front of the 
plane defined by both papillary 
muscles (Figs. 9.29). The aortic root 
is observed from inferior. The non¬ 
coronary and left coronary sinuses 
are anterior relative to the mitral 
valve. The interventricular septum 
is to the right of the aortic root 
base. The anterior, inferior, and 
apical areas of the septum are indi¬ 
cated with dashed lines in Fig. 9.29. 
Note that the apical part of the sep¬ 
tum is at the tip of the muscular 
part of the septum. In the present¬ 
ed case, one can see scar tissue, 
which is the result of apical ische¬ 
mia (Fig. 9.28). Comparison of the 
septal area and the anterior and 
basal parts reveals a more promi¬ 
nent trabecular structure of the 
septum (Fig. 9.28). 


Fig. 9.29. Exposure of the interventricular 
septum, right lateral view, schematic draw¬ 
ing 
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Fig. 9.28. Exposure of the interventricular septum, right lateral view 
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Fig. 9.30. Basal part of the interventricular septum, right superior view 
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We will now describe in more detail 
the basal part of the septum, which 
is placed near to the aortic root and 
the mitral valve opening. The basal 
part of the septum includes both 
the anterior and the inferior areas. 

In Fig. 9.30, the basal part of the sep¬ 
tum is inspected from the right lat¬ 
eral view; the corresponding sche¬ 
matic drawing is in Fig. 9.31, where¬ 
in the areas of the muscular septum 
are divided by dashed line. Note how 
the left bundle of the atrioventricu¬ 
lar bundle enters the area of the mus¬ 
cular septum; this is the most im¬ 
portant morphological structure of 
the basal part of the septum. The en¬ 
try point is beneath the right coro¬ 
nary sinus. After very short course, 
the left bundle branches into the an¬ 
terior and posterior fascicles. The 
anterior fascicle is located in the an¬ 
terior area of the septum (Figs. 9.30 
and 9.31), and the posterior fascicle 
runs toward the inferior area. The 
left fascicle has a shorter course due 
to the anterior position of the right 
coronary sinus. 


Fig. 9.31. Basal part of the interventricular 
septum, left lateral view, schematic drawing 
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10.1 The Sinoatrial Node 


The sinoatrial node (SN) is the heart’s natural pacemak¬ 
er, and it is located at the connection between the supe¬ 
rior vena cava and the right atrial appendage in the su¬ 
perior part of the terminal groove. The terminal groove 
indicates the position of the attachment of the right ap¬ 
pendage and the sinus venosus of the right atrium. In 
most cases, the SN is found at the lateral anterior sur¬ 
face of the superior vena cava; however, it occasionally 
extends over the crest of the right appendage. In such 
cases, the SN exhibits a horseshoe form. 

In the first part of this chapter, we will discuss the 
morphology of the SN, including the microscopic anato¬ 
my, followed by a description of the morphological vari¬ 
ants of the SN artery (SNA). 

The topographical relationships between the SN and 
its neighboring structures are shown in the dry-dissect¬ 
ed specimen in Fig. 10.1 and its corresponding schematic 
drawing (Fig. 10.2). In all of the schematic drawings in 
this chapter, the SN is marked as a yellow, oval structure. 
On the dry-dissected specimen (Fig. 10.1 ), the SN is posi- 
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Fig. 10.2. Topography of the sinoatrial node, 
schematic drawing 


tioned at the right lateral side of 
the superior vena cava, and is a 
white, oval structure that is approx¬ 
imately 2x1 cm in size. The right 
atrium and the SN are inspected 
from the right lateral direction in 
this figure. The SN may be relative¬ 
ly easily dissected because of its 
harder consistency as compared to 
the surrounding tissue. However, 
tracing the SNA during the dissec¬ 
tion makes identification of the SN 
much easier; the artery runs 
though the center of the SN (Figs. 
10.1 and 10 . 2 ), dividing within the 
SN into smaller branches. Thus, 


Fig. 10.1. Topography of the sinoatrial node, 
right lateral view 
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identification of the SNA and dissection down its course 
toward the superior vena cava helps us to identify the SN. 
In the presented dry dissected specimen (Fig. 10.1) before 
entering the SN, the SNA bifurcates, the right branch run¬ 
ning into the SN and the left toward the left atrium. Here 
the SNA originates from the posterior part of the right 
coronary artery, and that from its branching area, the ar¬ 
tery runs along the posterior wall of the right atrium, di¬ 
rectly toward the SN (Figs. 10.1 and 10.2). 

To further investigate the submacroscopic anatomy of 
the SN, histological specimens were prepared, an exam¬ 
ple of which is presented, with a corresponding draw¬ 
ing, in Figs. 10.3 and 10.4, respectively. Tissue for this 
purpose was taken from the area of the connection be¬ 
tween the superior vena cava and the right atrium. This 
tissue was prepared according to standard procedures 
for histological specimens, with sections made parallel 
to the long axis of the superior vena cava. The sections 
were stained using Orcein to emphasize the fibrous 
component (stains dark red) and the hematoxylin-eosin 
to highlight the cellular structures (stains orange). In 
the presented histological specimen, the SN tissue may 
be easily distinguished from the surrounding structures 
(Fig. 10.3). The schematic drawing in Fig. 10.4 was made 
to allow a better understanding of the topo graphical 



Fig. 10.4. Histological specimen of the sinoatrial node and its 
artery, schematic drawing 


relationships. The pericardial fat tissue is found anterior 
to the SN, and the right atrial musculature is located 
posteriorly to the SN, toward the axis of the superior ve¬ 
na cava (Figs. 10.3 and 10.4). 

The histological staining that we performed allows 
the SN to be easily distinguished from the atrial muscu¬ 
lature (stained orange; Figs. 10.3 and 10.4). 
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Table 10.1 


Right SNA 

Left SNA 

n = 33 (66%) 

n = 17 (34%) 

Group 1 (n = 31) 

Branching before the right marginal branch 

Type A {n = 10) 

Course on the left side of the superior vena cava 

Type B (n = 2) 

Course on the left and on the right side of the superior vena cava 
Subtype C(n = 19) 

Course on the right side of the superior vena cava 

Group 2 (n = 2) 

Branching after the right marginal branch 
(types D and E) 



Sinoatrial 
node artery 


Inferior 
vena cava 



Superior 
vena cava 


Sinoatrial 

node 


Right 

atrium 


The SN, which contains more elas¬ 
tic fibers and modified atrial mus¬ 
culature with a higher glycogen 
content is stained dark red. Note 
that the border between the SN and 
the atrial musculature is continu¬ 
ous, especially at the lateral areas of 
the SN. The most important mor¬ 
phological feature in these figures 
is the position of the SNA, which as 
stated earlier, runs through the 
center of the SN. Note that the en¬ 
docardium and the pericardium are 
both stained darkly with Orcein; 
this is a consequence of the very 
high content of elastic fibers. The 
fat tissue may be found inferior to 
the epicardial layer, which lies di¬ 
rectly over the SN. 

We will now discuss the morpho¬ 
logical variants of the SNA. We in¬ 
vestigated 50 human hearts in 
which the coronary arteries were 
filled with contrast material. Coro¬ 
nary angiograms were made to 
identify the origin of the SNA. Sub¬ 
sequently, dry-dissected specimens 
were made to follow the course of 
the artery and to verify the posi¬ 
tion of the SN. A corresponding 
schematic drawing was made for 
each morphological variant. The 
SNA was found to originate from 
the right coronary artery in 33 of 
the cases (66%) and from the left 
coronary artery in the remaining 
17 (about 34% Table 10.1). 

We found 10 cases of the first 
morphological type (type A; see Ta¬ 
ble 10.1 and Fig. 10.5). 


Fig. 10.5. Type A sinoatrial node artery, dry-dissected specimen 
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In this case, the SNA originates 
from the initial part of the right 
coronary artery (Figs. 10.5 and 
10 . 6 ), and is easily identified on the 
coronary angiogram (Fig. 10.7). 
From this point on, the artery 
passes along the anterior surface of 
the right atrium toward the ostium 
of the superior vena cava, as dem¬ 
onstrated on the dry-dissected 
specimen (Fig. 10.5) and the corre¬ 
sponding schematic drawing 
(Fig. 10.6). On reaching the ostium 
of the superior vena cava, the ar¬ 
tery encircles the vein from the left 
side and runs toward the area of 
the interatrial septum, where it 
crosses the superior edge to reach 
the right atrium. The SN is ap¬ 
proached from the left side, as 
demonstrated in Figs. 10.5 and 10.6. 
The coronary angiogram of the 
same case (Fig. 10.7) shows a right- 
dominant coronary vascularization, 
and reveals that the SNA in this 
case originated from the initial part 
of the right coronary artery. Note 
that the left main branch is a very 
long artery (Fig. 10.7). 



Fig. 


10 . 6 . 
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A sinoatrial node artery, schematic drawing 
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Fig. 10.7. Angiogram of a type A sinoatrial node artery 
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Two cases of the second morpho¬ 
logical type (type B) were found 
(see Table 10.1), wherein the SNA 
creates an anastomotic ring around 
the superior vena cava (Figs. 10.8 
and 10.9), this anastomotic ring 
closes in the SN. The schematic 
drawing in Fig. 10.10 was made 
based on the dry-dissected speci¬ 
mens in Figs. 10.8 and 10.9 and on 
the coronary angiogram in Fig. 
10.11. In this case, the artery also 
originates from the initial part of 
the right coronary artery (Figs. 
10.10 and 10.11 ). On leaving the 
right coronary artery, the SNA runs 
along the anterior wall of the right 
atrium (Fig. 10.10). 


<1 

Fig. 10.8. Type B sinoatrial node artery, 
dry-dissected specimen 
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Fig. 10.9. Anastomotic ring of the sinoatrial 
node artery, superior view. The superior 
vena cava was retracted 
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On reaching the ostium of superior 
vena cava, the artery divides into 
two branches, which create the anas¬ 
tomosis around the superior vena 
cava (Figs. 10.8,10.9, and 10.10). The 
anastomotic ring is presented on 
the dry-dissected specimen in 
Fig. 10.8 and on the coronary an¬ 
giogram in Fig. 10.9. The left 
branch of the divided SNA encircles 
the superior vena cava from the left 
side, and on its course crosses the 
superior edge of the interatrial sep¬ 
tum. The right branch of the SNA 
runs inferior to the superior vena 
cava (Figs. 10.8 and 10.10). 

In Fig. 10.9, the superior vena ca¬ 
va has been retracted away, expos¬ 
ing the branching area of the SNA. 
Note that there are two branches, 
the left being visible in Fig. 10.8, 
and the right in Figs. 10.9 and 10.10. 
The latter initially runs along the 
anterior wall of the superior vena 
cava, and on reaching the right side 
of the vein, it enters the area of the 
terminal sulcus, reaching the SN 
from the right side (Figs. 10.9 and 
10 . 10 ). 

A very nice example of a postop¬ 
erative angiogram is presented in 
Fig. 10.11, showing the right SNA 
(arising from the initial part of the 
right coronary artery), and the 
anastomotic ring around the supe¬ 
rior vena cava. The left main branch 
is also a very large artery in this 
specimen; note that the vasculariza¬ 
tion exhibits an intermediate pat¬ 
tern. 



Fig. 10.10. Type B sinoatrial node artery, schematic drawing 
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Fig. 10.11. Angiogram of a type B sinoatrial node artery 
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Fig. 10.12. Type C sinoatrial node artery, dry-dissected specimen 



Fig. 10.13. Type C sinoatrial node artery, schematic drawing 
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We found 19 cases of the third mor¬ 
phological type (type C; see Table 
10 . 1 ), wherein the artery approaches 
the SN from the right side of the 
superior vena cava. In this case, the 
SNA does not cross the interatrial 
septum, as seen in Figs. 10.12 and 
10.13. The schematic drawing (Fig. 
10.13) shows the entire course of 
the artery. In this morphological 
variant, the SNA also originates 
from the initial part of the right 
coronary artery (see the coronary 
angiogram in Fig. 10.14), and in its 
course, it passes along the anterior 
surface of the right atrium toward 
the ostium of the superior vena ca¬ 
va (Figs. 10.12 and 10.13). On reach¬ 
ing the ostium of the superior vena 
cava, the SNA encircles it from the 
right side (Fig. 10.12) and reaches 
the SN from the right lateral side 
(Figs. 10.12 and 10.13). 
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Fig. 10.15. Type D sinoatrial node artery, dry dissected 
specimen 


Note that in the aforementioned 
cases we have described SNAs that 
originate from the initial part of the 
right coronary artery; these will be 
used as the reference condition. We 
will now discuss those arteries that 
run from the segment placed poste¬ 
rior to the right marginal branch. 

In the presented dry-dissected 
specimen, which is inspected from 
the right posterior view (Fig. 10.15), 
the artery runs on the posterior 
surface of the right atrium directly 
to the SN (type D; see also Fig. 10.16). 
This variant of the artery was 
found in a single case in our series 
(see also Table 10.1). After its ori¬ 
gin, the SNA runs along the poste¬ 
rior wall of the right atrium, 
straight toward the SN (Figs. 10.15 
and 10.16). The origin of the artery 
is also visible on the coronary angio¬ 
gram in Fig. 10.17. 
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Fig. 10.17. Angiogram of a type D sinoatrial node artery 
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On the dry-dissected specimen and 
its corresponding schematic draw¬ 
ing (Figs. 10.18 and 10.19, respec¬ 
tively), the left and right atria are 
inspected from the posterior view. 
The border between the two atria is 
indicated by the sulcus, which cor¬ 
responds to the posterior edge of 
the interatrial sulcus. Initially, the 
SNA runs beyond the coronary 
sinus, and on reaching the poste¬ 
rior wall of the left atrium, the 
artery turns toward its roof 
(Fig. 10.18). 


Fig. 10.18. Type E sinoatrial node artery, 
dry-dissected specimen 


The SN has been well isolated from the surrounding tis¬ 
sue, and presents as a hard, white structure of approxi¬ 
mately 1x2 cm in size positioned at the superior part of 
the terminal sulcus on the right lateral side of the supe¬ 
rior vena cava (Figs. 10.15 and 10.16). Note that before 
reaching the SN, the SNA branches off into two parts; 
the straight (or right-hand) branch runs toward the SN 
and the left branch toward the left atrium (Figs. 10.15 
and 10.16). 

On the coronary angiogram in Fig. 10.17, we can see 
that the origin of the SNA is located behind the right 
marginal branch. Note that there is no left main branch, 
and that both the circumflex and the anterior descend¬ 
ing branches originate directly from the left coronary 
sinus. This is a very rare morphological situation that in 
our overall series (500 dry dissected hearts) was found 
only twice. 

The following case was also found in only one dissected 
specimen (type E; see Table 10.1). In type E, the SNA orig¬ 
inates from the posterior part of the right coronary artery 
and runs along the posterior wall of the left atrium, paral¬ 
lel to the posterior interatrial sulcus (Fig. 10.18). The SNA 
is in this case a very long branch that arises from the right 
coronary artery superior to the posterior descending 
branch (Figs. 10.18 and 10.19). The origin of the SNA is 
seen clearly on the coronary angiogram (Fig. 10.20). Note 
that in this case, the atrioventricular node artery arises 
from the initial part of the SNA. 
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Fig. 10.19. Type E sinoatrial node artery, schematic drawing 
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The atrioventricular artery also 
arises from this part of the SNA. 
Running along the posterior wall of 
the left atrium, the SNA is posi¬ 
tioned parallel to the posterior in¬ 
teratrial sulcus, and on reaching 
the inferior right pulmonary vein, 
it crosses the interatrial septum 
and runs along the posterior wall of 
the right atrium toward the SN 
(Figs. 10.18 and 10.19). From a sur¬ 
gical point of view, the position of 
this artery must be identified. 
When performing a surgical proce¬ 
dure on the mitral valve, most sur¬ 
geons open the left atrium at its 
posterior wall, with the opening in¬ 
cision being parallel to the posteri¬ 
or interatrial sulcus. In this mor¬ 
phological variant, it is highly like¬ 
ly that this approach will inflict 
damage to the SNA. The conse¬ 
quence of this is malperfusion of 
the SN, which may result in dys¬ 
function of this natural cardiac 
pacemaker. 

A left SNA was found in 17 (34%) 
of the investigated cases. The left 
SNA presented here originates from 
the initial part of the circumflex 
branch of the left coronary artery 
(Figs. 10.21 and 10.22). After its ori¬ 
gin, the left SNA exhibits one of 
two morphological variants, de¬ 
pending on its relationship with the 
left auricle. These variants, types F 
and G, are shown in Figs. 10.21 and 
10.22, respectively. In the first spec¬ 
imen (Fig. 10.21), the left coronary 
artery and its branches have been 
dissected and the pericardial fat 
tissue removed from the muscula¬ 
ture of the right and left atria. The 
left coronary artery has been filled 
with contrast material in order to 
prepare for a coronary angiogram 
(see Fig. 10.23). The origins of the 
left coronary artery and the left 
SNA are visible from the left supe¬ 
rior view (Fig. 10.21). The non- and 
left coronary sinuses have been 
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Fig. 10.20. Angiogram of a type E sinoatrial node artery 
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Fig. 10.21. Type F sinoatrial node artery, dry-dissected specimen 
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retracted to expose the course of the 
SNA in the space of the transverse 
sinus. From its branching point on 
the circumflex branch, the SNA runs 
directly toward the anterior wall of 
the left atrium (Fig. 10.21). Note that 
the artery is anterior relative to the 
left auricle (Fig. 10.21). On reaching 
the anterior wall of the left atrium, 
the SNA runs along the interatrial 
bundle toward the superior edge of 
the interatrial sulcus. Finally, the 
artery enters the interatrial bundle, 
crosses the superior edge of the 
interatrial septum, and encircles the 
superior vena cava from the left side 
(Fig. 10.21). The SNA reaches the SN 
from the left inferior side (Fig. 
10 . 21 ). The schematic drawing in 
Fig. 10.23 corresponds to the speci¬ 
men shown in Fig. 10.22; the rela¬ 
tionship between the SNA and the 
interatrial septum is identical in 
both morphological subvariants. 


Fig. 10 .22. Type G sinoatrial node artery, 
dry-dissected specimen 



Fig. 10.23. Type G sinoatrial node artery, schematic drawing 


The second case of a left SNA also arises from the left 
circumflex branch (type G; Fig. 10.22). In Fig. 10.22, the 
artery has been filled with red gelatin and the coronary 
veins of the heart with blue gelatin. The left SNA is in¬ 
spected from the left lateral aspect (also see Fig. 10.23). 
The left SNA initially runs along the lateral wall of the 
left atrium behind the left auricle and in front of the left 
veins. On leaving the lateral wall of the atrium, the SNA 
reaches the anterior wall of the left atrium, from where 
it approaches the area of the interatrial septum (Figs. 
10.22 and 10.23). Note the relationship between the SNA 
and the anterior and superior borders of the interatrial 
septum (dashed line on Figs. 10.22 and 10.23). 
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Finally, a coronary angiogram of 
the left SNA is seen in Fig. 10.24. 
Here, we have a right-dominated 
coronary circulation. The SNA ar¬ 
tery branches off from the initial 
part of the circumflex artery (it 
only very rarely arises from the left 
main branch; in our series we did 
not find a single case exhibiting 
this phenomenon). Note that at the 
area of the anterior wall of the left 
atrium, the SNA bifurcates; the 
right branch is the effective left 
SNA, and the left corresponds to 
the anterior atrial branch. 


Fig. 10.24. Angiogram of a type G sinoatrial 
node artery 
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A good exposure of the mitral valve plays a key role in 
the success of mitral valve surgery. Visualization of the 
mitral valve in difficult situations, such as a small left 
atrium, redo operations, or in patients with a deep 
chest, can be critical. Several alternative surgical tech¬ 
niques have been described to overcome this problem, 
one of which is use of the superior transseptal approach. 
Although the efficacy of this approach is widely accept¬ 
ed, its safety with regard to the preservation of SN func¬ 
tion remains controversial, since the SNA may be in¬ 
jured. We found that the superior border of interatrial 
septum was crossed in all 17 cases (34%) of left SNA in 


our series (Figs. 10.21 and 10.22). In the case of the right 
SNA, the interatrial septum was crossed by those arter¬ 
ies that arose prior to the right marginal branch (Figs. 
10.5 and 10.8). These arteries, after reaching the dome 
of the right atrium, pass along the left side of the supe¬ 
rior vena cava; the superior border of the septum is 
crossed before the SNA reaches the SN. Based on our re¬ 
sults of 27 cases in our series, the SNA crosses the oper¬ 
ating area that is developed in the superior transseptal 
approach to the mitral valve. Consequently, postopera¬ 
tive dysfunction of the SN is likely in these cases. 
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10.2 The Atrioventricular Node 


The atrioventricular node (AVN) is located at the poste¬ 
rior superior process of the left ventricle. The anatomy 
of the left superior process (LSP) is described in Sect. 
6.1). Briefly, the LSP is a part of the left ventricle and as 
such reaches to the right fibrous trigone and the poste¬ 
rior part of the membranous septum. The AVN is posi¬ 
tioned at the tip of the LSP, posterior and inferior to the 
right fibrous trigone, as demonstrated in Fig. 10.25. The 
position and topography of the node are inspected from 
the posterior view; the corresponding schematic draw¬ 
ing is seen in Fig. 10.26. In the dissected specimen (Fig. 
10.25), the right ventricle and right atrium have been 
removed, and the left atrium dissected at the level of the 
oval fossa. The aorta has also been dissected at the level 
of the sinotubular junction, and from this viewpoint, 
the noncoronary sinus is placed in an inferior position 
so that only its right side may be seen. The right coro¬ 
nary sinus is seen in profile, and the right intervalvular 
triangle is located between the two sinuses. The origin 
of the right coronary artery has been left in situ. The 
tricuspid valve has also been removed; however, the 


line of attachment at the LSP remains to allow investiga¬ 
tion of the relationship between the AVN and the tricus¬ 
pid valve. Note that the right fibrous trigone is located 
inferior to the anterior inferior border of the interatrial 
septum. The anterior wall of the left atrium meets the 
anterior wall of the right atrium anterior to the fibrous 
trigone. The right fibrous trigone has been dissected 
and is presented as a white trigone-like structure posi¬ 
tioned just behind the nadir of the noncoronary sinus 
(Fig. 10.25). 

The AVN and its artery are found inferior and poste¬ 
rior to the right fibrous trigone. In Fig. 10.25, the AVN 
artery, which arises from the right coronary artery and 
runs in a coiled fashion toward the tip of the superior 
posterior process of the left ventricle, has been filled 
with white contrast material. Note that the AVN artery 
runs immediately to the attachment of the septal leaflet 
of the tricuspid valve. On reaching the tip of the LSP, the 
artery terminates in the AVN, which has been dissected 
from the surrounding tissue. 
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Fig. 10.25. Position and topog¬ 
raphy of the atrioventricular 
node and its artery 
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The position of the AVN is pre¬ 
sented on the schematic drawing in 
Fig. 10.26. The right ventricle re¬ 
mains in situ. The LSP is located 
between the attachment of the mi¬ 
tral and tricuspid valves. The at¬ 
tachment of the left atrium is 
marked with a blue line over the 
mitral valve, and that of the right 
atrium is marked as a purple line 
over the attachment of the tricus¬ 
pid valve. The walls of the coronary 
and the pulmonary sinuses have 
been removed. The AVN and His 
bundle are positioned inferior to 
and behind the fibrous trigone, 
which is marked as a triangular 
structure at the nadire of noncoro¬ 
nary sinus. 

In the dry-dissected specimen in 
Fig. 10.27, the AVN and its artery 
are seen from the right lateral view, 
and a schematic drawing of the to¬ 
pographical relationship is present¬ 
ed in Fig. 10.28. In the dry-dissect¬ 
ed specimen, the lateral and poste¬ 
rior walls of the right atrium have 
been removed (Fig. 10.27). The sep¬ 
tal and anterior walls remain in si¬ 
tu; note that the oval fossa is also at 
its initial position. The superior, 
anterior, and inferior limbs of the 
oval fossa are prominent, the valve 
of the inferior vena cava being in 
continuation with the inferior limb 
(Fig. 10.27). The lateral and posteri¬ 
or walls of right atrium have been 
dissected down to their attachment 
at the right ventricle. The attach¬ 
ment of the septal leaflet of the tri¬ 
cuspid valve is also seen from this 
view. The triangle at the inferior 
part of the interatrial septum, 
which represents Koch’s triangle, a 
is very important surgical land¬ 
mark. This is where the AVN and 
His bundle are located. Koch’s tri¬ 
angle (marked by a dashed line in 
Fig. 10.28) is bordered superiorly by 
the inferior limb of the oval fossa 
and inferiorly by the attachment of 
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Fig. 10.26. Topography of the atrioventricular node, schematic drawing 
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Fig. 10.27. Atrioventricular node in relation to the oval fossa, coronary sinus, and septal leaf¬ 
let, right lateral view 
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Fig. 10.28. Topography of the atrioventricular node and bundle of 
His, schematic drawing 


the septal leaflet; these two structures are the “legs” of 
the triangle, and meet at the anterior commissure of the 
septal leaflet (see also Fig. 10.28). The base of Koch’s tri¬ 
angle is the opening of the coronary sinus (Figs. 10.27 
and 10.28). 

Koch’s triangle has been exposed on the dry-dis¬ 
sected specimen in Fig. 10.27. For a clearer presentation 
of the topographical relationship, two windows have 
been dissected into this structure: the first at the base of 
the triangle (this is the area of the opening of the coro¬ 
nary sinus), and the second at the area of the AVN. The 
AVN artery, which can be identified in the second win¬ 
dow, runs superficially along the LSP toward the apex of 
the triangle. At the apex, the AVN artery branches in the 
AVN into smaller tributaries, as seen clearly in the pre¬ 
sented specimen (Fig. 10.27). 

As mentioned previously, the schematic drawing in 
Fig. 10.28 shows the lateral aspect of the AVN and Koch’s 
triangle. The latter is marked with a dashed line, with 
its base at the opening of the coronary sinus. The right 
ventricle and right atrium have 
been removed, so that what is seen 
is the right surface of the interatrial 
and interventricular septa. The 
right coronary sinus and the left 
half of the noncoronary sinus re¬ 
main in situ. The opening of the 
coronary sinus is marked by the 
septal leaflet. Note that the AVN is 
positioned on the LSP at the infe¬ 
rior part of Koch’s triangle, close to 
the attachment of the septal leaflet. 
The attachment of the septal leaflet 
to the LSP is marked by a dark red 
line. The AVN continues into the 
His bundle in front of the membra¬ 
nous septum, which is marked in 
yellow. The His bundle runs at the 
inferior edge of the membranous 
septum, at the level of the right 
intervalvular triangle, where it 
branches off into the left and the 
right main bundles. Thus, the His 
bundle can be divided into the pen¬ 
etrating and branching parts 
(labeled as “1” and “2”, respec¬ 
tively, in Fig. 10.28). The penetrat¬ 
ing part runs inferior to the mem¬ 
branous septum, and the branching 
part is located near to the anterior 
part of attachment of the tricuspid 
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Fig. 10.29. Microscopic view of the atrioventricular node position 
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Fig. 10.30. Microscopic view of the atrioventricular node position, schematic drawing 


valve. The position of the initial 
part of the right bundle may be 
seen in this drawing as a direct 
continuation of the His bundle at 
the area of the right muscular sep¬ 
tum (Fig. 10.28). The left ventricle 
and its projection to the area of the 
interatrial septum are marked by a 
dashed line; this is an important 
landmark for identifying the exten¬ 
sion and position of the LSP. 

Histological specimens were pro¬ 
duced in order to investigate the 
microscopic relationship between 
the AVN and its surrounding struc¬ 
tures. As series of specimens was 
photographed and corresponding 
schematic drawings of the AVN, 

His bundle, and transition to the 
left and main bundles were made. 

In the specimen presented in Fig. 

10.29, a vertical cross section of the 
AVN may be observed (the corre¬ 
sponding schematic drawing is 
seen in Fig. 10.30). The section 
plane runs through the anterior 
part of the oval fossa and middle of 
the tricuspid valve attachment (see 
the small, labeled drawing at the 
bottom of Fig. 10.30; the red line 
marks the section level). The main 
part of the histological specimen is 
the interventricular septum, which corresponds the LSP 
of the left ventricle. The septal leaflet of the tricuspid 
valve is attached deeper than the mitral valve (Figs. 10.29 
and 10.30). A condensation of fibrous tissue is seen at 
the attachment of the mitral valve. The AVN is posi¬ 
tioned superior to the attachment of the septal leaflet of 


the tricuspid valve; on the schematic drawing, the AVN 
is marked by a dashed line (Fig. 10.30). Note that the 
AVN is placed on the surface of the LSP, where the AVN 
artery may also be found. Venous drainage is guaran¬ 
teed by the venous sinuses, which may be found in the 
tissue surrounding the AVN (Figs. 10.29 and 10.30). 
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Fig. 10.31. Microscopic view of the atrioventricular node and bundle of His 



Fig. 10.32. Microscopic view of the atrioventricular node and bundle of His, schematic drawing 


The section line in the next speci¬ 
men (Fig. 10.31) was also performed 
in the frontal level and runs behind 
the membranous part of the inter¬ 
ventricular septum over the tip of 
Koch’s triangle (see the small, 
labeled drawing at the bottom of 
Fig. 10.32). Here, the LSP passes 
over into the muscular part of the 
interventricular septum (Fig. 10.31 
and its corresponding schematic 
drawing Fig. 10.3). The muscular 
part of the septum is seen from a 
frontal aspect. The attachment of 
the septal leaflet is seen on the 
right side of the septum. The at¬ 
tachment of the mitral valve is po¬ 
sitioned more superiorly as com¬ 
pared to the septal leaflet. Note that 
the attachment of the mitral valve 
is strengthened by a condensation 
of fibrous tissue, at the base of 
which lies the terminal area of the 
AVN (Figs. 10.31 and 10.32). At this 
point, the AVN turns toward the at¬ 
tachment of the septal leaflet. This 
apparent lengthening of the AVN 
tissue is actually a penetrating seg¬ 
ment of the His bundle, which in its 
initial part exhibits a similar struc¬ 
ture to the AVN (Figs. 10.31 and 
10.32). Note that the left and right 
musculatures may be distinguished 
at the area of the interventricular 
septum, due to the different courses 
of the muscle fibers. In addition, 
there is a very thin fibrous wall be¬ 
tween the two muscular parts (Fig. 
10.31). 

The histological specimen shown 
in Fig. 10.33 was made by section¬ 
ing the tissue in a frontal plane, the 
direction of the section is running 
through the anterior commissure of 
the tricuspid valve, the membra¬ 
nous septum, and the His bundle 
(Fig. 10.33 and the small, labeled 
drawing on the bottom of the cor¬ 
responding schematic in Fig. 10.34). 
In the frontal view, the attachment 
of the tricuspid valve is positioned 
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at the superior edge of the mem¬ 
branous septum. Note here that the 
attachment of the septal leaflets is 
inferior relative to the attachment 
of the mitral valve (Figs. 10.33 and 
10.34), and that the fibrous struc¬ 
ture of the membranous parts of 
the interventricular septum, mitral 
valve, and tricuspid valve exhibit 
the same, mostly collagenous struc¬ 
ture. 

There is a well-isolated tissue 
island between the attachments of 
the tricuspid and mitral valves. At 
first inspection, this tissue island 
exhibits the same morphological 
structure as the muscular part of 
the interventricular septum (i.e., 
they stain histologically for muscu¬ 
lar components). This isolated tis¬ 
sue, which is surrounded by a fi¬ 
brous coat, is the penetrating seg¬ 
ment of the His bundle (Figs. 10.33 
and 10.34). Note that the fibrous 
condensation at the mitral valve 
attachment is connected to the 

fibrous coat of the bundle and runs toward the membra¬ 
nous septum. The membranous septum is positioned 
inferior to the septal leaflet. Defects at this level may 
result in a left-to-right interventricular shunt. During 
surgical correction of the membranous septum at the 
level of the anterior commissure of the tricuspid valve, 
injury may occur to the His bundle as a result of its rela¬ 
tive proximity to this structure, resulting in damage to 
the heart’s conduction system. This may manifest as 
varying grades of postoperative atrioventricular block. 
Note that the tissue of the membranous septum is in 
continuation with the muscular fibers of the muscular 
part, as seen in Fig. 10.33, where the tissue fibers run¬ 
ning from the membranous septum are seen branching 
into smaller fibers between the muscular units (Fig. 
10.33). The thin collagen fiber condensation, which is 
colored purple, divides the right and left musculatures 
of the interventricular septum (Figs. 10.33 and 10.34). 
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Fig. 10.33. Bundle of His in relation to the membranous interventricular septum 


Fig. 10.34. Bundle of His in relation to the membra¬ 
nous interventricular septum, schematic drawing 
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10.3 The Atrioventricular Artery 
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We will now discuss the anatomy and possible morpho¬ 
logical variants of the AVN artery, for which purpose, 55 
human hearts were analyzed. The left and right coro¬ 
nary ostia were separately cannulated and radiopaque 
material was injected into the coronary arteries. At the 
time of the investigation, the hearts were without any 
pathological alterations. The injected hearts were then 
placed into 4% of formalin solution for 1 month, fol¬ 
lowed by a solution comprising 25% isopropyl alcohol, 
20% propylene glycol, 0.5% glutaraldehyde, and 5% 
benzyl alconium chloride. After completion of the pre¬ 
serving procedure, dry-dissection of the AVN artery 
and the left and right coronary arteries was performed. 
The course of the AVN artery was dissected from its ori¬ 
gin up to the AVN. 

103,1 Left AVN Artery 

Of the 55 hearts, 13 (23.6%) had a left AVN artery that 
vascularized the AVN. On the presented dry-dissected 
specimen in Fig. 10.35, the heart is viewed from the pos¬ 


terior aspect, and the epicardial fat tissue has been dis¬ 
sected away. The left and right coronary arteries remain 
in situ, but due to the contrast material, both the vessels 
and their branches appear white. The coronary sinus 
has also been removed; note that the ostium of the sinus 
into the right atrium appears superior to the AVN ar¬ 
tery. The coronary sinus has been retracted, revealing 
the course of the AVN artery (Fig. 10.35), which in this 
case arises from the left coronary artery, from the cir¬ 
cumflex branch at the area of the crux. The posterior 
descending branch is also a direct continuation of the 
circumflex branch. Note the large muscular bridge at 
the initial segment of the posterior descending branch, 
which covers the artery. The AVN artery runs from the 
branching point inferiorly to the opening of the coro¬ 
nary sinus. In this projection, the entire course of the 
artery cannot be seen, although its direction can be sug¬ 
gested. 

The same specimen as presented in Fig. 10.35 is also 
seen in Fig. 10 .36, wherein the right atrium has been 
dissected away at the level of its attachment to the right 
ventricle. Consequently, the LSP of 
the left ventricle has been exposed 
and the course of the AVN artery 
may be investigated; the AVN has 
also been exposed. The left atrium 
remains in situ (Fig. 10.36). 
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Fig. 10.35. Left atrioventricular node artery, pos¬ 
terior view 
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The corresponding schematic 
drawing of the left AVN and its 
artery is presented in Fig. 10.37. 

On the dry-dissected specimen 
in Fig. 10.36, the AVN artery is 
viewed from the right lateral side. 
The artery runs in the middle of 
the LSP (dashed triangle) of the left 
ventricle toward the AVN. The AVN 
is positioned inferior and posterior 
relative to the membranous septum 
(Figs. 10.36 and 10.37). Note that 
the right coronary artery termi¬ 
nates at the posterior wall of the 
right ventricle as the posterior ven¬ 
tricular branch. The first posterior 
septal artery arises directly from 
the posterior descending branch. 
Note that the small branches of the 
circumflex branch supply the mus¬ 
cular bridge over the posterior de¬ 
scending branch (Fig. 10.36). 

A schematic drawing of the left 
AVN artery is seen in Fig. 10.37, 
wherein the AVN and its artery are 
inspected from the superior view. 
The left and right atria have been 
removed at the level of their ori¬ 
gins. The AVN is indicated in blue 
and is positioned inferior and pos¬ 
terior to the membranous septum 
(shown in yellow), at the tip of the 
LSP. The membranous septum is 
connected directly to the subvalvu¬ 
lar complex of the left ventricular 
outflow tract (Fig. 10.37). The AVN 
artery originates from the end part 
of the circumflex branch, superior 
to the origin of the posterior de¬ 
scending branch. Note that the ar¬ 
tery runs in the middle of the LSP. 
Of those hearts in which the left 
AVN artery arose from the left cor¬ 
onary artery, nine were found to be 
left dominant, three were right 
dominant, and one was of the inter¬ 
mediate vascularization type (see 
Table 10.2). 


Posterolateral Circumflex Superior posterior Superior 

branch branch process of left ventricle vena cava 



Left ventricle Superior septal artery Atrioventricular node artery Right coronary artery 
Fig. 10.36. Left atrioventricular node artery, right lateral superior view 


Fig. 10.37. Left atrioventricular 
node artery, superior view, 
schematic drawing 



Table 10.2. Morphological variants of AVN artery (our own results) 



Left AVN arteryn=42 

Right AVN arteryn=13 j 


(76.4%) 

(23.6%) : 

Right coronary dominance 

37 

3 

Left coronary dominance 

3 

9 

Intermediate blood supply 

2 

1 
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Atrioventricular node artery Right marginal branch Right coronary artery 


Left posterolateral branch Left ventricular branch Posterior interventricular branch 
Fig. 10.38. Right atrioventricular node artery, superior view 



Right coronary artery Atrioventricular node artery Mitral valve Atrioventricular node 


Superior septal artery Superior posterior process of left ventricle Tricuspid valve 

Fig. 10.39. Atrioventricular node and the right atrioventricular node artery, right lateral view 


10.3.2 Right AVN Artery 

The right AVN artery supplied the 
AVN in 42 (76.36%) of the 55 speci¬ 
mens investigated. The detailed 
morphology of the right AVN will 
now be discussed. A superior view 
of a dry-dissected specimen pre¬ 
senting the course of the right AVN 
artery is shown in Fig. 10.38. The 
left and right atria have been dis¬ 
sected away at the level of their at¬ 
tachments, but the tricuspid and 
mitral valves have been left in situ. 
The aortic and pulmonary roots 
have both been opened at the sino- 
tubular junction, exposing the ori¬ 
gins of the right and left coronary 
arteries. This heart is of the right- 
dominant vascularization type. The 
posterior descending branch arises 
from the right coronary artery; 
however, the right coronary artery 
terminates as the posterior left ven¬ 
tricular branch (Fig. 10.38). 

Removal of the left and right 
atria reveals the LSP with the AVN 
(Fig. 10.38). The right AVN artery 
originates from the posterior part 
of the right coronary artery at the 
area of the crux. Note that in this 
case, the origin is positioned be¬ 
tween the posterior descending 
branch and the posterior left ven¬ 
tricular branch (Fig. 10.38). The ar¬ 
tery runs from its origin on the LSP 
toward the AVN. The same speci¬ 
men as in Fig. 10.38 is also present¬ 
ed in Fig. 10.39, wherein the AVN, 
the AVN artery, and the LSP are in¬ 
spected from the right lateral view. 
Note that the artery runs up the 
LSP toward the AVN, and the AVN 
is placed inferior and posterior to 
the membranous septum. Here, the 
membranous septum appears as a 
translucent structure 
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positioned superior to the anterior commissure of the 
septal leaflet (Fig. 10.39). The anterior arch of the septal 
leaflet is attached to the membranous septum, and the 
AVN is positioned behind this anterior arch. Note that 
the anterior arch is simply the anterior commissure of 
the septal leaflet. It is also very important to know that 
the AVN artery branches off into smaller branches in 
the center of the AVN (see Fig. 10.39). The AVN artery 
originates from the right coronary artery and runs 
along the LSP toward the AVN. In our series, the right 
AVN artery originated from the right dominant coro¬ 
nary artery in 37 cases and from the left dominant ar¬ 
tery in 3 cases, and 2 of the cases exhibited the interme¬ 
diate vascularization type (Table 10.2). 

In the schematic drawing pre¬ 
sented in Fig. 10.40, the artery runs 
in the middle of the LSP; however, 
cases were also identified wherein 
the AVN artery ran near to the mi¬ 
tral valve or near to the tricuspid 
valve. In 13 of the 55 cases in our 
series (23%), the artery passed 
along the left lateral margin of the 
LSP near to the annulus fibrosus of 
the posterior leaflet of the mitral 
valve. In 27 cases (40%), the artery 
ran in the middle of the space be¬ 
tween the mitral and tricuspid 
valves, and in 15 cases (18%), the 
artery passed adjacent to the annu¬ 
lus of the septal leaflet of the tricus¬ 
pid valve. These morphological da¬ 
ta show that the AVN artery fre¬ 
quently passes near to the mitral 
valve annulus. Therefore, damage 
to the AVN blood supply may be¬ 
come highly likely during mitral 
valve ring annuloplasty or prosthe¬ 
sis implantation. 

There appears to be no direct 
correlation between the type of 
blood supply dominance and the 
origin of the artery. This finding is 
supported by the following two 
specimens. In the first case (Fig. 

10.41 ), we have a left-dominant 
coronary vascularization in which the AVN artery origi¬ 
nates from the right coronary artery (the AVN artery is 



Fig. 10.40. Right atrioventricular node artery, superior view, 
schematic drawing 


Circumflex branch Right coronary artery Right marginal branch 



Posterior interventricular Superior septal Atrioventricular node artery 

branch artery 


Fig. 10.41. Right atrioventricular node artery in a case of left-dominant blood supply, superior 
view 

viewed from a superior view). In this specimen, the left 
and right atria have been removed 
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Fig. 10.42. Left atrioventricular node artery in a case of right-dominant blood supply, posterior view 


at their attachment to the left and right ventricles. The 
vascular type is left dominant, and the right coronary 
artery terminates at the level of the right marginal 
branch. The AVN artery arises from the right coronary 
artery and runs in the posterior part of the right coro¬ 
nary sulcus toward the crux area, where the artery turns 
anteriorly and runs on the LSP to reach the AVN. In the 
AVN, the artery branches off into smaller arteries (Fig. 
10.41). In the second case, which is presented in Fig. 10.42, 
the blood supply of the heart is of the right-dominant 
type and the AVN artery originates from the left coro¬ 


nary artery. The presented heart is viewed from the pos¬ 
terior aspect, the coronary sinus has been removed, and 
only the ostium remains in situ; this was retracted in or¬ 
der to expose the course of the left AVN artery. Note 
that the left coronary artery, which terminates at the 
level of the left posterior ventricular branch, arises di¬ 
rectly from the circumflex branch and runs along the 
posterior wall of the left atrium toward the crux area 
(Fig. 10.42), where the artery enters the space between 
the left and right atria and runs forward to reach the 
AVN. 
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10.4 The Left and Right Main Branches of the Heart Conducting 
System 


In this part of the chapter, we will 
discuss the anatomy of that part of 
the conduction system positioned 
distal to the AVN and the His bun¬ 
dle. As mentioned earlier, part of 
the AVN is positioned posterior 
and inferior to the membranous 
part of the interventricular septum. 
The AVN continues into the His 
Bundle, which runs along the bor¬ 
der between the membranous and 
the muscular septa; in the litera¬ 
ture, this part is also termed the 
penetrating part of the His bundle. 
On reaching the level of the non¬ 
coronary sinus, the His bundle 
branches off into the left and right 
main bundle branches; this is the 
so-called branching part of the His 
bundle. The left bundle branch is 
presented on the dry-dissected 
specimen in Fig. 10.43 and its corre- 
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Fig. 10.43. Left main branch and its relationship to the 
interventricular septum, left view 
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sponding schematic drawing (Fig. 
10.44). The dissection plane is in 
the oblique direction. The anterior 
part of the dissection plane runs 
through the left third of the left 
coronary sinus, and the posterior 
part through the right third of the 
noncoronary sinus. Consequently, 
it is clear that the aortic root has 
not been dissected in the middle. 
The specimens presented in Fig. 
10.43 and the corresponding sche¬ 
matic drawing (Fig. 10.44) are in¬ 
spected from the lateral right side. 
The membranous part of the sep¬ 
tum is seen in the frontal plane, 
which is positioned under the non¬ 
coronary sinus (Fig. 10.43 see 
dashed line). The membranous 
septum is presented in yellow on 


Fig. 10.44. Left main branch and its relationship to the interventricular septum, left view, sche¬ 
matic drawing 
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Fig. 10.45. Right main branch and its relationship to the interventricular septum, right 
anterior view 



Fig. 10.46. Right main branch and its relationship to the interventricular septum, right ante¬ 
rior view, schematic drawing 


the schematic drawing (Fig. 10.44). 
The left main branch enters the left 
ventricular musculature inferior to 
the membranous septum, and after 
a short course, it branches off into 
the anterior and posterior bundles 
(Figs. 10.43 and 10.44). The anterior 
part runs toward the anterior pap¬ 
illary muscle and the posterior to¬ 
ward the posterior papillary mus¬ 
cle. Both papillary muscles have 
been dissected superior to their at¬ 
tachments at the left ventricle. The 
anterior papillary muscle is posi¬ 
tioned at the anterior part of the 
specimen, and behind it is located 
the posterior papillary muscle (Figs. 
10.43 and 10.44). Note that the left 
coronary artery is seen from the 
left lateral aspect. The opening of 
the right coronary sinus is exposed 
in the frontal plane (Figs. 10.43 and 
10.44). 

The course of the right main 
branch is presented in a dry-dis¬ 
sected specimen in Fig. 10.45 and 
the corresponding schematic draw¬ 
ing (Fig. 10.46). On the presented 
specimen, the area of the interven¬ 
tricular septum is inspected from 
the anterior right lateral view. The 
anterior and lateral walls of the free 
wall of the right ventricle have been 
removed (Figs. 10.45 and 10.46). 
The tricuspid valve remains in situ, 
as does the right coronary artery, 
which is positioned superior to the 
annulus fibrosus of the tricuspid 
valve. The right bundle may be di¬ 
vided into three parts (labeled 1-3 
in Fig. 10.46). The first part runs 
along the opening of the left ventri¬ 
cle and is positioned between the 
parietal band and superior papil¬ 
lary muscle (Figs. 10.45 and 10.46). 
The parietal band has been tran¬ 
sected in front of the anterolateral 
commissure between the septal and 
anterior leaflets of the tricuspid 
valve. The third part runs between 
the moderator band and terminates 
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at the level of the anterior papillary 
muscle. From the anterior papillary 
muscle, the conducting system is 
made up of the Purkinje fibers. The 
second part is positioned between 
the first and third parts (Fig. 10.46) 
and is related to the septal band. 

On the following two histological 
specimens, the branching part of 
the His bundle (Fig. 10.47) and the 
right main branch (Fig. 10.48) are 
shown. The branching area of the 
His bundle is positioned inferior to 
the membranous septum, the at¬ 
tachment of the mitral valve is su¬ 
perior to the membranous septum, 
and the attachment of the tricuspid 
valve is at the right side of the in¬ 
terventricular septum at the level of 
the branching part of the His bun¬ 
dle (Fig. 10.47). The left main 
branch is seen to run at the left side 
of the muscular septum, under the 
endocardium. The right main bun¬ 
dle is positioned anterior to the at¬ 
tachment of the septal leaflets. This 
area of transition between the His 
bundle and the right main bundle 
is seen in the histological specimen 
in Fig. 10.48. 


Aortic 

leaflet 


Left bundle 


Interventricular 

septum 



His bundle 

penetrating 

segment 


Membranous 

septum 


His bundle 
branching 
segment 

Right bundle 


Fig. 10.47. Transition between the bundle of His, left and right bundles, histological specimen 
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Fig. 10.48. The right main branch and its relationship to the membranous septum 
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11.1 The Aortic Arch 

11.1.1 General Anatomy of the Ascending Aorta 
and the Aortic Arch 


Surgery of the aorta is one of the most challenging areas 
of cardiac and vascular surgery, from the management 
of emergency situations to the treatment of degenera¬ 
tive diseases. To achieve an optimal surgical result, it is 
essential not only to have an exhaustive knowledge of 
the pathological mechanisms involved, but also to be 
familiar with the anatomy of the aorta. Hence, we are 
dedicating an entire chapter to this great vessel of the 
human body. 

In this chapter, we will focus on the anatomy of the 
aorta, but not including the aortic root. In the past, the 
aortic root (also known as the bulb of the aorta) was 
considered to be an integral part of the ascending aorta. 
However, since the introduction of reconstructive pro¬ 
cedures of the aortic root, this part of the ascending 
aorta is now regarded as an independent morphological 
and functional unit. The detailed morphology of the 
aortic root has been discussed elsewhere (Chap. 5), and 
so only the segments of the aorta positioned superior to 


the aortic root are discussed herein. A morphological 
description of the ascending aorta, aortic arch, thoracic 
aorta, and supraceliac part of the aorta will be provided. 
A discussion of the abdominal part of the aorta is out¬ 
side the scope of this book. 

The human aorta commences at the upper part of the 
aortic root at the level of the sinotubular junction, 
where it is about 3 cm in diameter, and after ascending 
for a short distance, it arches backward and to the left 
side, over the root of the left lung. It then descends with¬ 
in the thorax on the left side of the vertebral column, 
passes into the abdominal cavity through the aortic hia¬ 
tus in the diaphragm, and ends by dividing into the 
right and left common iliac arteries. Thus, the aorta can 
be described as having several portions: the ascending 
part, the arch, and the descending part, the latter of 
which is again divided into the thoracic and abdominal 
aortae. 
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Fig. 11.1. Supracardiac mediastinum, with exposure of the great vessels 









11.1 The Aortic Arch 457 



Left internal jugular vein 


Left common carotid artery 

-Vagal nerve 

Left subclavian artery 
Left brachiocephalic vein 
- Internal thoracic artery 


Right internal jugular vein 
Right subclavian artery 

Right common carotid artery 
Trachea 
Vagal nerve 

Right brachiocephalic vein 
Brachiocephalic trunk 
Internal thoracic 
artery 

Phrenic nerve 
Superior 
vena cava 

Ascending aorta 

Superior lobe 
of right lung 

Right auricle 
Right superior 
pulmonary vein 


Pericardiacophrenic 

vein 


Superior lobe 
of left lung 


Pulmonary 

artery 

Left superior 
pulmonary 
vein 


Fig. 11.2. Supracardiac mediastinum, with exposure of the great vessels, schematic drawing 


The direction and the topographical positions of the as¬ 
cending aorta are presented on the dry-dissected speci¬ 
men of the superior mediastinum in Fig. 11.1 and the 
corresponding drawing (Fig. 11.2), wherein the ascend¬ 
ing aorta is viewed from the anterior aspect. The anteri¬ 
or chest wall has been removed and the pericardium 
opened to secure adequate exposure of the anterior sur¬ 
face of the heart. In the presented case, the entire anteri¬ 
or sheath of the pericardium has been removed, sparing 
the left and right phrenic nerves on the lateral surfaces 
of the pericardium. The superior lobes of the right and 
left lungs have been retracted. The initial part of the as¬ 
cending aorta is positioned behind the infundibulum 
(Figs. 11.1 and 11.2). This initial part is viewed from the 
posterior aspect and is surrounded by the left and right 
atria. Here, the ascending aorta causes a furrow on the 
surfaces of both atria. The incisure on the right medial 
wall of the right atrium is particularly prominent and is 
seen clearly on the cross section of the mediastinum 
presented in Fig. 11.3 and the corresponding drawing 
(Fig. 11.4). Note here that the ascending aorta is inspect¬ 
ed from the superior aspect. The same situation is seen 
on Figs. 12.4 and 12.5, wherein the ascending aorta is 
seen from an inferior view. 

The part of the ascending aorta positioned inferior to 
the pulmonary artery is covered by the epicardial fat tis¬ 
sue. The presence of this condensation of fat is charac¬ 
teristic and is found in every heart, independent of the 


habitus. At this level, the ascending aorta is joined on 
the right to the superior vena cava and on the left to the 
pulmonary trunk. Anteriorly, the ascending aorta is 
covered by the appendage of the right atrium, from the 
left by the pulmonary trunk, and from the right by the 
superior vena cave. The aforementioned fat-tissue con¬ 
densation elevates the epicardium from the anterior 
wall of the aorta, forming a semicircular plica, as seen 
clearly on Fig. 11.1. The fold of the transition between 
the pericardium and the epicardium may be found on 
the superior part of the ascending aorta, just before the 
junction with the aortic arch. Note that the ascending 
aorta is contained within the pericardium and is en¬ 
closed in a tube of serous pericardium, which it shares 
with the pulmonary artery. On the presented specimen, 
this is seen as oblique line running along the anterior 
wall of the ascending aorta, from right to left, from infe¬ 
rior to the brachiocephalic artery, inferior toward the 
pulmonary trunk (Figs. 11.1 and 11.2). 
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Fig. 11.3. Horizontal cross section of the thorax at the level of the sinotubular junction, superior view 
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Fig. 11.4. Horizontal cross section of the thorax at the level of the sinotubular junction, superior view, schematic drawing 
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In the next specimens, the ascend¬ 
ing aorta will be viewed from the 
left aspect in order to establish the 
detailed topography and its rela¬ 
tionship to the other anatomical 
structures (Figs. 11.5 and 11.6). On 
the dry-dissected specimen in Fig. 
11.5 and the corresponding sche¬ 
matic drawing in Fig. 11.6, the 
ascending aorta and the aortic root 
are seen from the left anterolateral 
view. The pulmonary trunk has 
been dissected so that the superior 
dissection line is positioned infe¬ 
rior to its bifurcation into the left 
and right main pulmonary arteries. 
The inferior dissection line is posi¬ 
tioned in the pulmonary root. The 
sinuses of the pulmonary bulb have 
been removed, leaving only the 
three intervalvular triangles and 
the commissures in situ. Thus, the 
space behind the pulmonary trunk 
may be investigated. This is effec¬ 
tively the space of the transverse 
pericardial sinus, which is in¬ 
spected from the anterior direction 
(Fig. 11.6). Note that the left main 
stem and the bifurcation have also 
been brought into the view using 
this exposure. The appendage of 
the left atrium has been retracted. 
In this specimen, it is clear that the 
pulmonary root and the infundibu¬ 
lum are positioned in front of the 
aortic root and the conjoined part 
of the ascending aorta. Here, the 
ascending aorta is a direct continu¬ 
ation of the aortic root and the axis 
of the left ventricle. From here on, 
the course of the ascending aorta 
describes a slight curve, which is 
directed upward, forward, and to 
the right (Fig. 11.5). At the level of 
the junction between the superior 
vena cava and the right atrium, the 
ascending aorta reaches the most 
extreme right position, from which 
point the aorta travels in the frontal 
plane upward and to the left, toward 
the aortic arch. The mentioned 
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junction between superior vena cava and right atrium 
the pulmonary trunk and the ascending aorta are both 
positioned in the frontal plane. Superior to this level, 
the aorta is ventral relative to the pulmonary trunk 
(Fig. 11.5). This relationship between the pulmonary 
artery and the ascending aorta is seen clearly on the 
cross section of the thorax presented in Fig. 12.5. 

The beginning of the ascending aorta is as high as the 
third sternocostal joint, from where its course describes 
a slight curve, reaching the aortic arch at the level of the 
upper edge of the second right sternocostal joint. At the 
union of the ascending aorta with the aortic arch, the 
caliber of the vessel increases, the right wall bulging out. 
This dilatation is termed the bulb of the aorta, and on 
transverse section it presents a somewhat oval figure 
(Figs. 11.9 and 11.10). 

Note that on the dry-dissected specimen in Fig. 11.5, 
the bifurcation of the pulmonary trunk is seen from 
inferior. The left and right pulmonary arteries are posi¬ 
tioned behind the ascending aorta and superior to the 
anterosuperior edges of the left and right atria. Thus, 


Brachioce- Left common 

phalic trunk carotid artery Internal thoracic artery 


the bifurcation of the pulmonary artery and both main 
branches form the roof of the transverse pericardial 
sinus. The left main branch of the left coronary artery 
presents as a relatively large artery, which branches off 
into three very large arteries in the left coronary fossa. 
The first of the branches, the anterior descending artery, 
runs in the anterior interventricular sulcus; however, at 
this point the artery is immediately covered by a large 
muscular bridge. The second large branch is the diago¬ 
nal branch, which originates from the initial part of the 
anterior descending artery. And finally, the third, cir¬ 
cumflex branch also arises from the left main branch 
(Fig. 11.5). 

On the schematic drawing in Fig. 11.6, the ascending 
aorta is presented from the right lateral view. The right 
appendage and the superior vena cava are retracted to 
the side, revealing the entire length of the ascending 
aorta, as well as the right coronary sinus and the right 
coronary artery. Note that the wall of the ascending 
aorta is in contact with four structures: at anterior 
aspect is the right auricle, at right posterior aspect is the 
superior vena cava, at posterior 
wall is the dome of the left atrium, 
and at anterior left aspect is the 
pulmonary root (see Fig. 11.3). At 
this level, the aorta and the pulmo¬ 
nary trunk form the anterior wall 
of the transverse pericardial sinus. 
The posterior wall is formed by the 
left and right atria, as seen clearly 
on the cross section presented in 
Figs. 11.3 and 11.4. The transverse 
pericardial sinus is seen on the the 
cross section (Figs. 11.3 and 11.4) as 
a space between the left and right 
atria and the pulmonary trunk and 
aorta. On leaving the level of the 
right atrium, the posterior wall of 
the ascending aorta is positioned 
just in front of the right pulmonary 
artery. On the schematic drawing 
(Fig. 11.4), the left pulmonary 
artery is marked by a dashed line 
(see also the cross section in Fig. 
12.4). Note that the right pulmo¬ 
nary artery forms the roof of the 
transverse pericardial sinus (Fig. 

11 . 6 ; the transverse sinus is indi¬ 
cated by two arrows). 

The aortic arch will now be dis¬ 
cussed. The dry-dissected speci- 
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men of the upper mediastinum in Fig. 11.7 (which is the 
same as that shown in Fig. 11.5) and the corresponding 
schematic drawing (Fig. 11.8) presents the topography 
of the aortic arch. Here, only the ascending aorta and 
the aortic arch are viewed from the left superior lateral 
view. To expose the entire course of the aortic arch and 
its topography relative to the neighboring structures, 
the left lung has been removed and the left brachioce¬ 
phalic vein has been resected in order to expose the 
branches of the aortic arch (Figs. 11.7 and 11.8). 

The aortic arch begins at the level of the upper border 
of the second sternocostal articulation of the right side, 
and runs at first upward, backward, and to the left in 
front of the trachea (Fig. 11.7). It is then directed back¬ 
ward on the left side of the trachea, and finally passes 
downward on the left side of the body of the fourth tho¬ 
racic vertebra, at the lower border of which it becomes 
continuous with the descending aorta. It thus forms two 
curvatures: one with its convexity upward, the other with 
its convexity forward and to the left. Note that the upper 
border of the aortic arch is usually about 2.5 cm below the 
superior border of the manubrium of the sternum; this is 
a very important feature that must always be considered, 
especially when performing a median sternotomy. 

To clarify the topography of the aortic arch, the vessel 
was divided into three parts: right, central, and left. 
These are indicated on the schematic drawing in Fig. 
11.8 by full lines. The junction between the aortic arch 
and the ascending aorta is indicated by the fold of the 
pericardial sac (see Fig. 11.5 arrows). This circular fold 


is positioned just beyond the origin of the brachioce¬ 
phalic artery, and indicates the transition between the 
pericardium and the epicardium (Figs. 11.7 and 11.8). 

Note that the right part of the aortic arch, which cor¬ 
responds to the initial part, is positioned between the 
pericardial fold and the origin of the brachiocephalic 
artery. From this anatomical situation, it is clear that the 
ascending aorta is covered with pericardium through¬ 
out its length. The anterior surface of the arch is cov¬ 
ered by the pleura and the anterior margins of the right 
lung. This part is positioned to the left of the junction 
between the superior vena cava and the brachiocephalic 
vein (Figs. 11.7 and 11.8). This topographical situation 
may be seen on the cross section of the thorax in Fig. 
11.9 and its corresponding schematic drawing (Fig. 
11 . 10 ), wherein the aortic arch is seen from the superior 
view. The transition between the right side of the aortic 
arch and the central segment is covered anteriorly by 
the retrosternal tissue, which corresponds to the rem¬ 
nant of the thymus. At this position, the right side of the 
aortic arch is very short; however, it may be extended in 
aneurysms or as a result of chronic dissection. In these 
situations, the distance between the sternum and the 
aortic arch is reduced to a minimum. There are de¬ 
scribed cases wherein the posterior wall of the sternum 
was destroyed by large aneurysms of the aorta. 

The central part of the aortic arch is actually the con¬ 
vexity of the aortic arch. This part gives rise to the bra¬ 
chiocephalic, left common carotid, and left subclavian 
arteries (Figs. 11.7 and 11.8). These branches are crossed 
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Fig. 11.9. Topography of the aortic arch, cross section of the thorax, superior view 


from anterior aspect by the left brachiocephalic vein 
(Figs. 11.8). On the presented specimen, the left brachio¬ 
cephalic vein has been removed to improve the view of 
the aortic arch. The central part of aortic arch is not 
positioned in the frontal plane; it crosses the superior 
mediastinum in a diagonal direction, from the right 
anterior angle of the mediastinum toward the left poste¬ 
rior corner of the superior mediastinum, as seen clearly 
in the cross section in Figs. 11.9 and 11.10. The right 
side is covered by the retrosternal fat tissue, and the left 
posterior half may be found behind the left lung and the 
pleura (Figs. 11.9 and 11.10). The posterior wall of this 
central part is positioned in front of the trachea on the 
right side and in front of the esophagus on the left side. 

Inferiorly, the central part is closely apposed to the 
bifurcation of the pulmonary artery and the left bron¬ 
chus, as shown in Figs. 11.7 and 1 1.8. After removing the 
pulmonary trunk, the bifurcation of the pulmonary 
artery has been opened and viewed from the left inferior 
side. The left main pulmonary artery has been dissected 
by removing the left lung (Figs. 11.7 and 11.8). From this 
view, one can see that the bifurcation of the pulmonary 
trunk is positioned just inferior to the origin of the bra¬ 
chiocephalic vein. This part of the aortic arch, and espe¬ 


cially that at the level of the origins of the left common 
carotid and left subclavian arteries, is conjoined to the 
left phrenic and left vagus nerves (Figs. 11.7 and 11.8). 
This situation is seen in detail in Fig. 11.11, which shows 
the part of the arch that gives rise to the left common 
carotid and left subclavian arteries. The anterior wall is 
crossed by the left vagus nerve, which initially runs in 
front of the common carotid artery. On reaching the aor¬ 
tic arch, the nerve turns to the left toward the aortic 
isthmus (Fig. 11.11). Note that the nerve actually lies on 
the surface of the anterior wall of the aortic arch (Figs. 
11.7,11.8,11.11 and 11.12). The left phrenic nerve is 
positioned superficially and has no direct contact with 
the aortic arch. It is also initially positioned at the level 
of the left common carotid artery; however, it maintains 
a more central direction and runs toward the pulmonary 
hilus. Note that the phrenic nerve is anterior to the entry 
of the great vessels and the left main bronchus into the 
left lung. A vein can be observed between the phrenic 
and vagus nerves, crossing the vagus nerve from ante¬ 
rior and the phrenic nerve from posterior; this is the 
accessory azygos vein, which opens directly into the left 
brachiocephalic vein (Figs. 11.7,11.8,11.12). 
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Fig. 11.10. Topography of the aortic arch, cross section of the thorax, superior view, schematic drawing 


Note the presence of two very important structures be¬ 
hind the left subclavian artery and its origin: the thorac¬ 
ic part of the esophagus and the trachea. The esophagus 
is to be found running behind the thoracic part of the 
left subclavian artery, and the trachea is to the right of 
the esophagus. The trachea may be found by dissecting 
the space between the left common carotid artery and 
the thoracic part of the left subclavia, which will reveal 
the anterior wall of trachea, exposing the left recurrent 
nerve on its surface. Note that the concomitant vein is 
positioned more centrally (Figs. 11.11 and 11.12). 

A more lateral view of the aortic arch presented in 
Fig. 11.12, in which the transition between the aortic arch 
and the descending aorta is shown. The part of the aortic 
arch that is positioned between the origin of the left sub¬ 
clavian artery and the attachment of the ligamentum ar- 
teriosum is on the left or terminal part of the arch. In the 
literature, this part of the aorta has been labeled the isth¬ 
mus of the aorta. In the fetal stage, this part of the aorta 
is considerably narrowed, forming what is termed the 
aortic isthmus, while immediately beyond the origin of 
the ductus arteriosus, the vessel present a fusiform dila¬ 
tation; His named this dilatation the aortic spindle. 

These conditions persist, to some extent, in the adult, 
where His found that the average diameter of the spindle 
exceeded that of the isthmus by 3 mm. As described pre¬ 
viously, the esophagus runs behind the thoracic part of 
the subclavian artery; at this level, the aortic arch is in 
front of the esophagus. However, the aortic arch passes 
downward, to the left lateral side of the vertebral column, 


finally passing down on the left side of the vertebral col¬ 
umn. The aortic isthmus is the area where the transition 
from the aortic arch to the aforementioned posterior 
position is completed. From this topographical relation¬ 
ship, it is clear that the isthmus is initially in front of the 
esophagus, but on running toward the posterior position, 
the arch wraps around the esophagus. At the transition 
to the descending aorta, it is positioned on the right lat¬ 
eral side of the esophagus (Figs. 11.9 and 11.10). This is 
also seen clearly in Fig. 11.12, wherein the isthmus is in¬ 
spected from the left lateral aspect and the transition to 
the descending aorta can be seen. The relationship be¬ 
tween the isthmus and the esophagus may also be exam¬ 
ined on the cross section of the thoracic cavity presented 
in Figs. 11.9 and 11.10. Note here that only the inferior 
wall of the isthmus may be seen, and consequently the 
reader is given the impression that the terminal segment 
of the aortic arch is always positioned on left of the 
esophagus (Figs. 11.9 and 11.10). 

The lateral wall of the isthmus is covered by the supe¬ 
rior lobe of the left lung. Note that the accessory azygos 
vein crosses the isthmus from the superior left lateral 
direction and passes obliquely upward and forward on 
the left side of the arch, between the phrenic and vagus 
nerves (Fig. 11.12). The left vagal nerve runs downward 
toward the ligamentum arteriosum, and on reaching the 
attachment between the arch and the ligament, the 
nerve gives off its recurrent branch (at the left side of 
the ligament; Fig. 11.12). The left recurrent nerve hooks 
around the inferior wall of the arch and then passes 
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Fig. 11.11. Topography of the left recurrent laryngeal nerve and thoracic duct 
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upward on the right side of the 
esophagus. From this point, the left 
vagal nerve passes downward be¬ 
hind the left main pulmonary ar¬ 
tery and the left main bronchus on 
the right side of the aorta. This is 
seen clearly in Fig. 11.12, in which 
the position of the ligamentum ar¬ 
teriosum may also be examined. 
The ligament is positioned between 
the aortic arch and the pulmonary 
trunk, normally 1-1.5 cm distal to 
the origin of the left subclavian ar¬ 
tery. In the presented case, it is at¬ 
tached to the bifurcation of the pul¬ 
monary artery and the inferior wall 
of the aortic arch (Figs. 11.12 and 
11.7 arrows). However, in some 
cases the ligament takes its origin 
from the left main pulmonary ar¬ 
tery. Note that the ligamentum ar¬ 
teriosum is not an intrapericardial 
structure; its origin from the pul¬ 
monary artery is near to the peri¬ 
cardial fold (Fig. 11.12). The aortic 
arch is fixed to the upper mediasti¬ 
num by the descending aorta. The 
three major vessels that run to the 
neck fix it in this area, while the 
thoracic fascia attaches the de¬ 
scending aorta to the spinal col¬ 
umn. 


Fig. 11.12. Transition between the aortic 
arch and the thoracic aorta 
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Fig. 11.14. Topography of the aortic arch, left lateral view, schematic drawing 


In the following specimen (Fig. 

11.13) and the corresponding draw¬ 
ing (Fig. 11.14), the entire shape of 
the aortic arch is seen from the left 
lateral view. The left pulmonary 
artery and the bifurcation of the 
pulmonary trunk have been re¬ 
moved in Fig. 11.13, leaving only 
the stem of the right pulmonary 
artery in situ, thus exposing the left 
main bronchus, which lies under 
the aortic arch. Note that the left 
phrenic nerve and the concomitant 
vein have been removed and the 
auricle of the left atrium has been 
retracted. The left main bronchus 
runs from the bifurcation of the trachea toward the 
entry of the pulmonary vessels. The aortic arch wraps 
around the left main bronchus in the direction from the 
superior right toward the posterior and inferior (Figs. 
11.9,11.10,11.13,11.14). Note the course of the left 
vagal nerve. Here we can also see the branching of the 
left recurrent nerve. 

The ribs and the intercostal space have been dissected 
at the posterior part of the chest wall, exposing the seg¬ 
mental nerve with the intercostal artery and vein in the 


intercostal space. Note that the artery and vein cross the 
sympathetic trunk from behind and run in the intercostal 
space between the superficial and deep intercostal mus¬ 
cles. The topographical relationships of the intercostal 
space are discussed in detail in Chap. 1. Note that the 
sympathetic trunk is positioned at the level of the rib 
head. The thoracic ganglia have also been dissected, and 
can be seen at the superior edge of the rib head. The ori¬ 
gin of the left greater splanchnic nerve may be seen; this 
nerve arises from thoracic segments 5-9 (Fig. 11.13). 
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Figure 11.15 shows two schematic drawings of the rela¬ 
tionship between the ascending aorta, the aortic arch, 
and the bony skeleton. In Fig. 11.15a, the aorta is viewed 
from the anterior view, and in Fig. 11.15b, the aorta is 
inspected from the right oblique lateral view. The begin¬ 
ning of the ascending aorta projects at the level of the 
third left sternocostal joint behind the left half of the 
sternum. The ascending aorta passes obliquely upward, 
forward, and to the right as high as the upper border of 
the second right sternocostal joint. At this level, the as¬ 
cending aorta passes into the aortic arch. The arch of 
the aorta begins at the level of the upper border of the 
second sternocostal articulation of the right side, and 
runs at first upward, backward, and to the left in front 
of the trachea. It is then directed backward on the left 
side of the trachea and finally passes downward on the 
left side of the body of the fourth thoracic vertebra, at 
the lower border of which it becomes continuous with 
the descending aorta. It thus forms two curvatures: one 
with its convexity upward, the other with its convexity 
forward and to the left. 


Fig. 11.15a, b. Relationship between the aortic arch and thoracic aorta, 
and the bony skeleton 
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the middle of the aortic arch is po¬ 
sitioned in the superior third of the 
body of the fourth thoracic verte¬ 
bra. However, in his series, Adachi 
also described a high-positioned 
aortic arch that was positioned as 
high as the middle of the body of 
the second thoracic vertebra, and 
in direct opposition to this ex¬ 
treme, he described a very deeply 
positioned arch that was found at 
the transition between the fifth and 
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sixth thoracic vertebrae. This mor¬ 
phological variation should be 
borne in mind, especially when 
performing a median sternotomy; 
with a high-positioned aortic arch, 
efforts must be made to avoid dam¬ 
age to the vessel. 

The aortic arch and its branches 
may exhibit numerous variations, 
which are result of disturbances in 
the intricate process of develop¬ 
ment. Some of this dimorphism 
may be silent with regard to clinical 
manifestation; however, the anom¬ 
aly may be accompanied by patho¬ 
logical changes. The differentiation 
of these may be very difficult. In 
general, the aortic arch can exhibit 
different morphological aspects, 
with normal or anomalous num¬ 
bers and places of the origin of the 
great vessels. However, it is clear 
that a normally positioned aortic 
arch may also present anomalous 
numbers and branching positions. 
These will now be discussed; the 
corresponding schematic drawings 
are seen in Fig. 11.16. 







1. Right subclavian artery 3. Left common carotid artery 5. Left vertebral artery 

2. Right common carotid artery 4. Left subclavian artery 6. Right vertebral artery 


Fig. 11.16. Morphological variants of the aortic arch 


Under normal morphological con¬ 
ditions, the branches of the aortic 
arch are positioned as follows. 

The brachiocephalic trunk arises from the right convex¬ 
ity, followed by the left common carotid artery and the 
left subclavian artery, which arise at the left convexity 
(Fig. 11.16a). This “normal” variation is found in 83- 
85% of cases. Deviations from this norm may present as 
an increase or decrease in the number of branches 
(Ad 1-Ad 9): 

• Ad 1: The double brachiocephalic trunk (Fig. 11.16b). 
The four main vessels arise from the left and right 
brachiocephalic trunks. 

• Ad 2: The left bicaroticosubclavian trunk 

(Fig. 11.16c). The right subclavian artery arises as an 
independent artery from the aortic arch. The right 
and left common subclavian arteries arise together 
with left subclavian artery from one common branch. 


• Ad 3: Right bicaroticosubclavian trunk (Fig. 11.16d). 
The brachiocephalic trunk and left common carotid 
artery have a common origin. The left vertebral ar¬ 
tery arises between the aforementioned trunk and the 
left subclavian artery, directly from the aortic arch. 
The incidence of this variant may be as high as 10%. 

• Ad 4: Bicarotic trunk (Fig. 11.16e). The left and right 
common carotid arteries arise from one common ar¬ 
tery, from the middle of the aortic arch. The left and 
right subclavian arteries arise independently from 
the aortic arch. 

• Ad 5: Separate origin of all four branches 

(Fig. 11.16f). Here, there is no brachiocephalic trunk. 
The right common carotid artery and the right sub¬ 
clavian artery each originate separately from the aor¬ 
tic arch. 
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• Ad 6: All four vessels originate from the aortic arch 
(Fig. 11.16g), and the left vertebral artery arises 
directly from the aortic arch, between the left com¬ 
mon carotid and subclavian arteries. According to 
the data published by Adachi, this variation was iden¬ 
tified in 4.3% of the investigated cases. 

• Ad 7: The right vertebral artery originates directly 
from the aortic arch (Fig. 11.16h). The right vertebral 
artery originates as the last artery from the isthmus 
area. As depicted on the schematic drawing (Fig. 
11.16H), this artery arises just inferior to the branch¬ 
ing area of the left subclavian artery. The vertebral 
artery is positioned behind the great vessels and runs 
obliquely to the right side. 

• Ad 8: It is possible that both vertebral arteries origi¬ 
nate directly from the aortic arch (Fig. 11.16i). 

• Ad 9: All six arteries originate from the aortic arch 
(Fig. 11.16j). The brachiocephalic trunk is absent in 
this case. 

At this point, please note that supernumerary branches of 
the aortic arch are also possible. These are the thyroid 
artery (0.6%), the internal thoracic artery (0.2%), and the 
branches to the chest wall muscles. However, the three 
main branches arising from the aortic arch may also arise 
from other parts of the aorta. One of the most well known 
arteries is the right subclavian artery, which arises from 
the left side of the aortic arch. This is the so-called arteria 
lusoria dextra, and it arises from the area of the aortic 


isthmus. The initial segment of the artery often shows a 
diverticular-like dilatation. If the artery runs upward 
from left to right (between 0.5 and 0.2% of cases, ac¬ 
cording to Adachi), the arch and the trachea may cause 
compression of the esophagus. This anatomical situa¬ 
tion can in extreme cases result in dysphagia; a typical 
finding in the esophagogram in such cases is a double 
impression of the esophagus below the aortic knob, 
caused by the aortic arch and the right subclavian ar¬ 
tery. 

11.1.2 Surgical Exposure of the Aortic Arch 

To expose the ascending aorta and the aortic arch, a 
median sternotomy is performed. However, it should be 
realized that exposure of the aortic arch per se does not 
require the performance of a complete median sternoto¬ 
my. In this case, a median sternotomy is the approach of 
the choice. After completion of a median sternotomy, 
we dissect out the fat tissue. At this point in the surgical 
intervention, we recommend dissecting the brachioce¬ 
phalic vein away from the surrounding tissue to facili¬ 
tate exposure of the aortic arch and the origin of the 
great vessels (see Fig. 11.17). In the case presented here 
(Fig. 11.17), two small thymic veins were identified dur¬ 
ing the dissection of the retrosternal fat tissue, which 
corresponds to the thymus remnant. By following the 
course of these veins, the brachiocephalic vein can be 


Brachiocephalic trunk Left brachiocephalic vein Thymic vein 
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Fig. 11.17. Surgical exposure of the superior 
mediastinum as seen after median sterno¬ 
tomy 
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Fig. 11.18. Pericardial incision 
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identified. The entire course of the 
brachiocephalic vein is then dis¬ 
sected away from the surrounding 
tissue. At the right side, the left and 
right brachiocephalic veins are con¬ 
joined with the superior vena cave. 

Note that the initial part of the 
superior vena cava is not positioned 
in the pericardial sac Fig. 11.17. 

Following identification of the 
left brachiocephalic vein, we dissect 
the vessel from the surrounding tis¬ 
sue. The fat tissue covering the aor¬ 
tic arch and the origin of the great 
vessels has been removed in Fig. 

11.18. The left brachiocephalic vein 
at its right segment is positioned 
directly in front of the initial part 
of the brachio cephalic branch. 

Note that it is not too close to the 
left common carotid and left sub¬ 
clavian arteries. This is due to the 
posterior course of the aortic arch, 
and the fact that the origins of both 
arteries are positioned deeply and 
to the left as compared to the bra¬ 
chiocephalic branch. The presented 
anatomical situation does not cor¬ 
respond to that seen in surgical 
preparations; namely, the detailed 
exposure as presented in Fig. 11.18 
is unnecessary. Note the dashed 
line indicates the pericaridal inci¬ 
sion in inverse “T” fashion. 

In Figs. 11.19 and 11.20, the peri¬ 
cardial sac has been opened, and 
the ascending aorta and aortic arch 
exposed. The ascending aorta is 
positioned in the middle, and the 
superior vena cava is found right, 
posterior to the ascending aorta. 

The pulmonary valve is at the left 
side of the ascending aorta. The 
pericardial fold is located inferior 
to the origin of the brachiocephalic 
artery, at the transition between 
the ascending aorta and the aortic arch. Note that the 
aortic arch is without pericardial coverage (Figs. 11.19 
and 11 . 20 ), and that the serous pericardial layer, which 
covers the ascending aorta and the pulmonary root, is 
an integral structure. This pericardial layer is the so- 


Pulmonary trunk 


Pericardial attachment Ascending aorta Superior vena cava 
Fig. 11.19. Exposure of the ascending aorta and aortic arch, schematic drawing 


Right auricle 


called arterial mesocardium, which encloses the outflow 
of the great vessel from the heart. The superior turn of 
the pericardium on the fold of the pericardial layer forms 
small recesses arround ascending aorta and pulmonary 
trunk: the aortic and pulmonary recesses. 
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Fig. 11.20. Exposure of the ascending aorta and aortic arch 
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performing mobilization of the as¬ 
cending aorta. Namely, during dis¬ 
section of the pericardial layer, the 
surgeon has to separate the pulmo¬ 
nary trunk from the ascending aor¬ 
ta. 
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Note that the highest part of the 
pericardial fold is the anterior part 
of the aortic recess. This is posi¬ 
tioned at the anterior wall of the as¬ 
cending aorta (see also Fig. 11.21, 
arrow). Furthermore, a relatively 
large fold may be found between 
the right lateral wall of the ascend¬ 
ing aorta and the superior vena ca¬ 
va. This is the right lateral aortic 
recess. On the schematic drawing 
(Fig. 11.21), the position of the re¬ 
cess is indicated with an arrow be¬ 
tween the aorta and the superior 
vena cava. 


Fig. 11.21. Aortic recess, schematic drawing 

The aortic recess is more prominent, and because of 
that perhaps deserves more detailed discussion (see the 
schematic drawing in Fig. 11.21). The aortic, or also 
called ventral, pericardial recess has anterior, left later¬ 
al, and right lateral parts. The left part of the aortic re¬ 
cess is positioned between the ascending aorta and the 
pulmonary artery. It is presented as a shallow groove at 
the left side of the ascending aorta. In Fig. 11.21, this is 
indicated with green arrows between the ascending aor¬ 
ta and the pulmonary trunk. This left pericardial recess 
is a very important natural landmark for surgeons when 


























11.1 The Aortic Arch 471 


On the insitu specimen, the right 
aortic recess is seen viewed from 
inferior; the aorta has been retract¬ 
ed to the left side (Fig. 11.22 ar¬ 
rows), and consequently the right 
aortic recess is positioned between 
the superior vena cava, the ascend¬ 
ing aorta, and the right main pul¬ 
monary artery. The recess is viewed 
from the inferior direction. The 
borders of this recess are as follows. 
The roof of the recess is built up by 
the pericardial fold (marked by ar¬ 
rows Fig. 11.22), and from here on 
the pericardial coverage runs to the 
structures that represent the bor¬ 
ders of the right lateral aortic re¬ 
cess. Note that this recess has no 
base; it opens freely into the space 
between the aorta and the superior 
vena cava. The anterior wall of the 
recess is the anterior extension of 
the pericardium. The left wall is the 
ascending aorta, the right wall is 
the superior vena cava, and the 
posterior wall is represented by the 
left main pulmonary artery, which 
runs just behind the superior vena 
cava (Figs. 11.22 and 11.23). This 
anatomical situation is presented 
on the schematic drawing in 
Fig. 11 .23, wherein the borders of 
the recess are depicted as men¬ 
tioned before. Both the left and the 
right aortic recesses are indicated 
by green arrows (Fig. 11.23). 


Fig. 11.23. Right and left aortic recesses 
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Fig. 11.22. Right aortic recess, right inferior view 
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Up to now, we have focused on the topography and anat¬ 
omy of the structures positioned on the left and right of 
the ascending aorta. These spaces play an important role 
in the mobilization of the ascending aorta. However, 
there are situations that result in pathological changes of 
the ascending aorta, such as aneurysmatic dilatation 
and/or dissections that may change the aforementioned 
anatomical situations. Therefore, it is even more impor¬ 
tant to obtain an exhaustive knowledge of the normal to¬ 


pography of both of these recesses. Namely both of the 
aforementioned grooves indicate the natural directions 
where the surgeon can perform surgical dissection, even 
in extreme pathological situations, and mobilize the as¬ 
cending aorta without damaging the important sur¬ 
rounding structures. 
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Left brachiocephalic vein Aortic arch Pulmonary artery Superior vena cava Right atrium 
Fig. 11.24. Transverse pericardial sinus 
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sent the aortic mesoderm. Behind, 
it is bordered by the left and right 
atria and their venous ostia (Figs. 
11.24 and 11.25). The pericardium 
of the venous ostia is also termed 
the venous mesoderm of the peri¬ 
cardium. The top of the sinus is the 
right pulmonary vein. On the right 
side, the attachment of the pericar¬ 
dium to the ascending aorta has 
been dissected; note that on this 
side there is no need to dissect the 
right aortic recess because it is 
directly conjoined to the entry of 
the transverse pericardial sinus at 
its inferior part. This anatomical 
situation is presented in Fig. 11.24 
and its corresponding schematic 
drawing (Fig. 11.25). On the dis¬ 
sected specimen (Fig. 11.24), the 
transverse sinus is inspected from 
the right side. The ascending aorta 
has been dissected away from the 
surrounding tissue and elevated, 
exposing the posterior wall and the 
roof of the transverse sinus. The 
position of the transverse sinus and 
the course of the right vein are in¬ 
dicated on the schematic drawing 
(Fig. 11.25; the green arrow indi¬ 
cates the position of the sinus and 
the dashed lines mark the borders 
of the pulmonary vein). 


Fig. 11.25. Transverse pericardial sinus, 
schematic drawing 


In the following step, the ascending aorta is mobilized 
by dissecting the pericardial cover between the ascend¬ 
ing aorta and the pulmonary artery, thus opening the 
left aortic recess and entering the transverse pericardial 
sinus. Note that the transverse pericardial sinus is sim¬ 
ply a passage between the arterial and venous meso¬ 
derm of the pericardium. In front, it is bordered by the 
ascending aorta and the pulmonary artery, which repre- 
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The aortic arch will now be dis¬ 
cussed. In the specimen shown in 
Fig. 11.26, the aortic arch is inspect¬ 
ed from the right lateral view, as 
seen from the surgeon’s perspective 
in the operating theater (for an ex¬ 
planation see the schematic draw¬ 
ing in Fig. 11.27). The pericardium 
has been removed, so the course of 
the arch may be seen in its entirety. 
In this morphological situation the 
aortic arch has only two main 
branches; the brachiocephalic trunk 
and the left common carotid artery 
originate from the one common 
stem, while the left subclavian ar¬ 
tery has a separate origin (Fig. 
11.26). The anatomical variants of 
the aortic arch branches are de¬ 
scribed in Sect. 11.1.1. In Fig. 11.26, 
the bifurcation of the pulmonary 
artery is positioned inferior to the 
aortic arch, and the ligamentum ar- 
teriosum has been exposed; howev¬ 
er, from this viewpoint, the liga¬ 
ment cannot be recognized clearly. 
Note vagal nerve is in proximity to 
the ligamentum arteriosum (Figs. 
11.26 and 11.27). 
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Fig. 11.26. Exposure of the ascending aorta and aortic arch 
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Fig. 11.27. Exposure of the ascending aorta 
and aortic arch, schematic drawing 
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Left common Left subclavian Ligamentum Pulmonary 

carotid artery artery Aortic arch arteriosum trunk 


Left brachiocephalic vein Brachiocephalic trunk Ascending artery 
Fig. 11.28. Exposure of the distal segment of the aortic arch 


To augment the exposure, the distal 
part of the aortic arch has been 
pulled to the right so that the area 
of the arch positioned inferior to 
the left subclavian artery may be 
seen (Fig. 11.28). The ligamentum 
arteriosum is attached between the 
ascending aorta and the left pulmo¬ 
nary vein. In open aortic-arch sur¬ 
gery, it is very important to identify 
the course of the left vagal nerve. 
The exposed nerve is presented in 
Fig. 11.29, wherein the left vagal 
nerve is seen as an invagination of 
the pleura running in front of the 
infundibulum. On reaching the 
inferior part of the aortic arch, the 
nerve turns deeper, where the left 
common laryngeal nerve also orig¬ 
inates (Fig. 11.29). 



Fig. 11.29. Exposure of the left vagal nerve 
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11.2 The Thoracic Aorta 

11.2.1 General Anatomy of the Thoracic Aorta 

In this part of the chapter, we will focus on the topo¬ 
graphical relationships of the thoracic aorta in the left 
posterior mediastinum. The thoracic aorta is a direct 
extension of the aortic arch, the beginning of which is 
inferior to the aortic isthmus. Regarding the very close 
anatomical relationship between the isthmus and the 
aortic arch, we decided to define the aortic isthmus as 
the distal segment of the aortic arch. The descending 
aorta begins just inferior to this part. The connection 
between the aortic arch and the thoracic aorta is seen in 
Fig. 11.30 and the corresponding schematic drawing in 
Fig. 11.31. The initial part of the thoracic aorta is seen 
from the left anterior lateral view. Note that for a better 
exposure, the left lung has been removed. The left pul¬ 
monary artery is positioned superior to the left main 
bronchi and the pulmonary veins. The posterior wall of 
the left pulmonary artery is as high as the transition 
between the aortic isthmus and the descending aorta. 
This topographical situation is seen in both Figs. 11.30 
and 11.31. As mentioned previously, the part of the aor¬ 


tic arch positioned between the origin of the left subcla¬ 
vian artery and the attachment of the ligamentum arte- 
riosum is the aortic isthmus. The ligamentum arterio- 
sum is attached to the convex surface of the aorta and 
may be considered an important landmark, as the de¬ 
scending aorta commences distal to it (Fig. 11.30 arrows). 
The plane of the transition between the aortic isthmus 
and the descending aorta is marked with a dashed line 
in Fig. 11.31. 
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Fig. 11.30. Transition between the aortic arch and the thoracic aorta; aortic isthmus with the ligamentum arteriosum 
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Fig. 11.31. Transition between the aortic arch and the thoracic aorta; aortic isthmus with the ligamentum arteriosum, schematic drawing 
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Fig. 11.32. Beginning of the thoracic aorta at the fourth thoracic vertebra, cross section of the thorax, superior view 


Figure 11.32 presents a cross section of the thoracic cav¬ 
ity at the level of the fourth thoracic vertebra. Here, one 
must focus on the position of the descending aorta; at 
this level, the aorta is placed on the left of the fourth 


thoracic vertebra and is posterior to the left pulmonary 
artery. The esophagus and the trachea are to the right 
and anterior relative to the aorta, and are found on the 
anterior surface of the vertebral body (Fig. 11.32). 
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The entire course of the thoracic 
aorta maybe seen in Fig. 11.33 and 
its corresponding drawing (Fig. 
11.34), in which the left lung has 
been removed and the parietal 
pleura dissected away to expose the 
intercostal spaces. As mentioned 
previously, the thoracic aorta be¬ 
gins at the lower border of the 4th 
thoracic vertebra, and ends in front 
of the lower border of the 12th ver¬ 
tebra. At its beginning, the aorta is 
situated on the left of the vertebral 
column. This is especially true for 
the segment positioned behind the 
structures entering and/or leaving 
the left lung, as seen in Fig. 11.33. 

In this view, the descending aorta is 
found inferior to the pulmonary 
root, as represented by the left pul¬ 
monary artery, left main bronchi, 
and left pulmonary veins. On 
reaching the most inferior compo¬ 
nent of the left pulmonary root, the 
left inferior pulmonary vein, the 
aorta approaches the median line. 


Fig. 11.33. Thoracic aorta, left lateral view 
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Fig. 11.34. Thoracic aorta, left lateral view, schematic drawing 
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Fig. 11.35. Topography of the thoracic aorta; cross section of the thorax at the level of the aortic root base, superior view 


The aforementioned topographical relationship of the 
superior part of the aorta and the surrounding struc¬ 
tures may also be examined in Fig. 11.35, which presents 
a cross section of the superior thoracic cavity. The spec¬ 
imen is viewed from the superior direction, and the sec¬ 
tion level is as high as the aortic valve (Fig. 11.35). The 
descending aorta is located to the left of the vertebral 
column. Note that the azygos vein and the thoracic duct 
are positioned over the vertebral column. The hemi¬ 
azygos vein is seen behind the aorta in the posterior 
mediastinum (Fig. 11.35). At this level, the esophagus 
with the accompanying plexus of nerves lies in front 
and to the right of the aorta. In this specimen, the aorta 
runs behind the left pulmonary vein. 

The segmental branches of the aorta may also be ex¬ 
amined in Figs. 11.33 and 11.34. There are usually nine 
pairs of aortic intercostal arteries, which arise from the 
back of the aorta and are redistributed to the lower nine 
intercostal spaces, the first two spaces being supplied by 
the highest intercostal artery, which is a branch of the 
costocervical trunk of the subclavian artery (the su¬ 
preme intercostal artery). The right aortic intercostal 
arteries are longer than the left, because of the position 


of the aorta on the left side of the vertebral column; 
they pass across the bodies of the vertebrae behind the 
esophagus, thoracic duct, and azygos vein, and are cov¬ 
ered by the right lung and pleura. The morphology and 
topography of the left segmental arteries are presented 
in Fig. 11 .33; however, the topography of the right seg¬ 
mental arteries is discussed later in Sect. 11.2.2. The left 
aortic intercostal arteries run backward on the sides of 
the vertebrae and are covered by the left lung and pleu¬ 
ra. Note here that the pleura has been removed to ex¬ 
pose the course of the artery (Figs. 11.33 and 11.34). The 
subsequent course of the intercostal arteries is practical¬ 
ly the same on both sides. The sympathetic trunk passes 
downward in front of the opposite the heads of the ribs, 
and the splanchnic nerves descend in front by the lower 
arteries (Figs. 11.33 and 11.34). Each artery then divides 
into an anterior and a posterior ramus. The anterior ra¬ 
mus crosses the corresponding intercostal space oblique¬ 
ly toward the angle of the upper rib, and thence contin¬ 
ues forward in the costal groove. It is located initially 
between the pleura and the posterior intercostal mem¬ 
brane, and then perforates this membrane, and lies be¬ 
tween it and the external intercostal muscle as far as the 
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Fig. 11.36. Inferior segment of the thoracic aorta, left lateral aspect 


angle of the rib. Each artery is accompanied by a vein 
and a nerve, the former being above and the latter be¬ 
low the artery, except in the upper spaces, where the 
nerve is above the arteries (see Figs. 11.33 and 11.34). 

At this point in the discussion, we should mention 
that the one of the largest dorsal radical arteries is 
called the artery of Adamkiewicz, or the great radicular 
artery. In most cases, the artery arises at T10 on the left 
side; however, the position may vary from T7 to L4. It 
supplies the lower two-thirds of the spine, and in most 
cases originates from the left side of the aorta. However, 
in 17% of the cases the artery is found on the right. The 
great radicular artery enters a single intervetebral fora¬ 
men between the levels of T9-T11. 

On leaving the pulmonary root, the aorta approaches 
the median line. At its termination, it lies directly in 
front of the spinal column. From the described direction 
of the aorta, one can conclude that the course of the ar¬ 
tery describes a curve that is concave-forward. The 
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inferior part of the aorta may be 
seen in Fig. 11.36 and the corre¬ 
sponding schematic drawing (Fig. 
11.37). Note that at this level, the 
esophagus, with its accompanying 
plexus of nerves is situated on the 
left side (Fig. 11.36). On the dry- 
dissected specimen (Fig. 11.36), the 
pericardium has been only partial¬ 
ly removed. The part of the pericar¬ 
dium where the phrenic nerve and 
the accompanying vessel are found 
has been left in situ. Note the posi¬ 
tion and course of the phrenic 
nerve; after reaching the dia¬ 
phragm, the nerve branches off in a 
radial direction. 
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Fig. 11.37. Inferior segment of the thoracic aorta, left lateral 
aspect, schematic drawing 

















480 11 Surgical Anatomy of the Aorta 


Esophagus, Ventral margin 

Falciform ligament Venous ligament celiac ostium of liver Fundus of stomach 



Diaphragm 


Liver 


Caudate lobe 


Inferior 
vena cava 


Splenic 

omentum 


Spleen 


Lung, left 
inferior lobe 


Right crus Esophageal hiatus, see arrows Aorta Left crus Diaphragm 


Fig. 11.38. Topography of the supraceliac aorta; cross section of the thorax at the level of the 10th vertebra 


A cross section of the aorta and the esophagus running 
through the diaphragm is presented in Fig. 11.38. The sec¬ 
tion plane runs though the cardiac ostium and traverses 
the esophageal hiatus (Fig. 11.38 arrows) at the level of the 
tenth thoracic vertebra. The specimen is viewed from in¬ 
ferior; note the position of the fundus of the stomach, the 
spleen, and the liver. In some instances, we focus on the 
transition of the aorta and the esophagus through the 
aorta. The aortic hiatus is in some instances positioned 
deeper, at the level of the 12th thoracic vertebra. Here, the 
aorta is still positioned in the posterior mediastinum in 
front of the tenth thoracic vertebra, where the converging 
muscular fibers of the left and right crura create the eso- 
hageal hiatus (Fig. 11.38). Note that the aortic hiatus it is 
not an aperture in the diaphragm, but rather an osseoa- 
poneurotic opening between the diaphragm and the 
vertebral column. Occasionally, some tendinous fibers 
extend across the bodies of the vertebrae from the me¬ 
dial parts of the lower ends of the crura and pass be¬ 
hind the aorta, thus converting the hiatus into a fibrous 
ring. The hiatus is situated slightly to the left of the 
midline, the aorta, the azygos vein, and the thoracic 
duct pass through it (Fig. 11.38). The esophageal hiatus 
is situated in the muscular part of the diaphragm at the 


level of the tenth thoracic vertebra, and is elliptical in 
shape. It is placed above, in front, and a little to the left of 
the aortic hiatus, and transmits the esophagus, the vagus 
nerves, and some small esophageal arteries. 

The following branches of the thoracic aorta may be 
identified: pericardial, bronchial, esophageal, mediasti¬ 
nal, intercostal, subcostal, and phrenic. We will discuss 
all of these in brief, but the bronchial and segmental 
branches will be discussed in more detail. The pericar¬ 
dial branches are small vessels that are distributed to 
the posterior surface of the pericardium. The bronchial 
arteries will be discussed later. The esophageal arteries 
number four or five. They arise from the ventral surface 
of the aorta and pass obliquely downward to the esoph¬ 
agus, forming a chain of anastomoses along that tube. 
These arteries are connected to the esophageal branches 
of the inferior thyroid arteries above, and with ascend¬ 
ing branches from the left inferior phrenic and left gas¬ 
tric arteries below. The mediastinal branches are 
numerous small vessels that supply the lymph glands 
and loose areolar tissue in the posterior mediastinum. 
The superior phrenic branches arise from the lower part 
of the thoracic aorta; they are distributed to the poste¬ 
rior part of the upper surface of the diaphragm. 




















11.2 The Thoracic Aorta 481 



The bronchial arteries are highly variable in their num¬ 
ber and origin. In general though (about 40.6% of 
cases), there are two left and one right bronchial arter¬ 
ies (Fig. 11.39a). The two left bronchial arteries arise 
from the ventral aspect of the descending aorta at the 
height of the fourth to sixth thoracic vertebrae. They 
reach the lung by traveling along the anterior surface of 
the corresponding bronchi. The right bronchial artery 
exhibits a larger number of morphological variations. 
The most common is where it originates with the first 
intercostal artery or directly from the dorsal wall of the 
aorta (Fig. 11.39a). After the origin, the bronchial 
branches pursue a spiral course in the loose connective 
tissue around the bronchi. Along their course, they 
adhere to the wall of the bronchi and follow their rami¬ 
fications. The bronchial arteries usually communicate 
with a branch of the pericardiacophrenic artery, al¬ 
though communication between the tracheal vessels 
and the coronary vessels has also been described. 

According to Cauldwell, who carried out an anatomi¬ 
cal investigation on 150 human specimens, several 
bronchial artery variants can be identified: 


• Variants with only one left and one right bronchial 
artery were described in 21.3% of cases (Fig. 11.39b). 

• Two left and two rights arteries were found in 20.6% 
of cases, wherein the second right bronchial artery 
also originates from the ventral aspect of the aorta 
(Fig. 11.39c). 

• Variants with a single left bronchial artery and two 
right bronchial arteries were identified in 9.7% of 
cases (Fig. 11.39d). 

• Cases with one right and three left bronchial arteries 
were mentioned (4% of cases; Fig. 11.39e). 

• Other combinations of three or four left bronchial 
arteries combined with one, two, or three right bron¬ 
chial arteries were also identified (Fig. 11.39f-i). 

A large number of morphological variants has also been 
recorded with respect to the origin of the right bron¬ 
chial artery. For surgeons, it is perhaps important to 
know that this artery may take also its origin from the 
right subclavian artery (Fig. 11.39i), the internal tho¬ 
racic artery, or even from the brachiocephalic trunk. 
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Fig. 11.40. Exposure of the aortic arch as seen following posterolateral thoracotomy 
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11.2.2 Surgical Anatomy 

of the Thoracic Aorta 

Exposure of the thoracic aorta is 
described in detail in Chap. 2. After 
the left chest is opened, the left 
lung must be retracted to facilitate 
the exposure of the posterior medi¬ 
astinum. The patient is turned into 
the right and the surgeon is posi¬ 
tioned on the left, thus exposing 
the entire course of the descending 
aorta. It is also possible to expose 
the middle and terminal parts of 
the aortic arch. The aortic arch 
(Fig. 11.40) and the thoracic aorta 
(Fig. 11.41) are at the first gaze cov¬ 
ered by the parietal pleura (see the 
corresponding schematic drawing 
in Fig. 11.42). However, even with 
that coverage, the most important 
orientating structures of the aortic 
arch may still be identified (Fig. 
11.40 and 11.42). The accessory 
hemi-azygos vein crosses the arch 
from left to right and opens into 
the left brachiocephalic vein (see 
Fig. 11.40). 


Fig. 11.41. Exposure of the thoracic aorta as 
seen following posterolateral thoracotomy 
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Fig. 11.42. Exposure of the aortic arch and thoracic aorta as seen following posterolateral thoracotomy 


Note that the vein crosses the origin of the left subclavian 
artery. The most important features of the presented 
specimen are the topographies of the left phrenic and 
left vagal nerves. The left phrenic nerve crosses the 
accessory vein just in front of the connection of the vein 
to the left brachiocephalic vein. Furthermore, the left 
vagal nerve, which runs along the anterior wall of the 
aortic arch, crosses the vein from behind (see Figs. 11.40 
and 11.42). Note that the phrenic nerve runs in a diago¬ 


nal direction toward the anterior surface of the pulmo¬ 
nary root, and the vagal nerve runs directly down to the 
posterior surface of the left pulmonary root toward the 
esophagus. As the reader can note, the aorta and the 
entire posterior mediastinum is covered by the parietal 
pleura. In the next part of this chapter, we will discuss 
the situation with the pleura removed, enabling a de¬ 
tailed examination of the topography of the thoracic 
aorta. 
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Fig. 11.43. Transition between the aortic arch and the thoracic aorta 
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Fig. 11.44. Transition between the aortic arch and the thoracic aorta, schematic drawing 


thoracic aorta are viewed from the 
superior left lateral view. The ori¬ 
gins of the brachiocephalic branch, 
the common carotid artery, and the 
left subclavian artery may be seen. 
The bifurcation of the pulmonary 
artery and the left pulmonary ar¬ 
tery may be identified inferior to 
the aortic arch. The left pulmonary 
artery runs toward the pulmonary 
root, and enters it as a major supe¬ 
rior structure; the left main bron¬ 
chus may be seen just behind the 
left pulmonary artery (Figs. 11.43 
and 11.44). The ligamentum arte¬ 
riosum originates from the left pul¬ 
monary artery and is attached to 
the aortic arch just inferior to the 
left subclavian artery. The course of 
the left recurrent nerve may be seen 
lateral to the attachment of the liga¬ 
ment. This nerve arises from the 
left vagal nerve and slides around 
the aortic arch. The vagal nerve 
runs toward the pulmonary root, 
and in the presented specimen is at¬ 
tached to the left main bronchus 
behind the pulmonary root as it 
courses toward the esophagus 
(Figs. 11.43 and 11.44). Note here 
that the left lung is retracted, and 
consequently the normally posteri¬ 
orly positioned left main bronchus 
is positioned anteriorly and superi¬ 
or so that the vagal nerve seems to 
run as a superior structure. The left 
vagal and left phrenic nerves both 
cross the accessory hemi-azygos 
vein. The phrenic nerve, which ori¬ 
ginates from the C3-C5 segment, 
enters along the left common carot¬ 
id artery in the thoracic cavity and 
crosses the accessory hemi-azygos 
vein as the most superior structure; 
the vagal nerve runs behind the 
vein. The accessory hemi-azygos 
vein descends on the left side of the 


Figure 11.43 and the corresponding drawing (Fig. 11.44) 
shows the area of transition from the aortic arch to the 
descending aorta. The parietal pleura has been re¬ 
moved, and the aortic arch and the initial part of the 


the vertebral column, and varies inversely in size with 
the highest left intercostal vein. It receives veins from 
the three or four intercostal spaces between the highest 
left intercostal vein and the highest tributary of the 
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hemi-azygos vein. It crosses the 
body of the eighth thoracic verte¬ 
bra and the aortic arch to join the 
left brachiocephalic vein (Fig. 
11.43), in some cases ending as the 
hemi-azygos vein. 

The vagal nerve is inferior to the 
vein (Figs. 11.43 and 11.44). This 
morphological situation is very im¬ 
portant to recognize, since it is nec¬ 
essary to identify the hemi-azygos 
vein before identifying both nerves 
to avoid damaging these two very 
essential structures. The segmental 
intercostal arteries of the thoracic 
aorta have also been dissected in 
this specimen (Fig. 11.43). 

In Fig. 11.45 and the correspond¬ 
ing schematic drawing (Fig. 11.46), 
The ligamentum arteriosum has 
been dissected; the pulmonary ar¬ 
tery can be seen descending toward 
the heart. The aortic arch has been 
elevated using two tourniquets, re¬ 
vealing run off of the recurrent la¬ 
ryngeal nerve. 
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Fig. 11.45. Relationship between the left vagal nerve and the aortic isthmus 
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Fig. 11.46. Relationship between the left 
vagal nerve and the aortic isthmus, sche¬ 
matic drawing 
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Note the course of the left recurrent 
nerve (Figs. 11.47 and 11.48) behind 
aortic arch. The space behind the 
aortic arch and the descending 
aorta is presented in Figs. 11.47 and 
11.48. The aorta has been elevated 
from the thoracic column, thus 
exposing the trachea and the eso¬ 
phagus. Note that the left recurrent 
nerve (Fig. 11.47 arrows) runs 
between these two structures 
(Fig. 11.48). 


Fig. 11.47. Topography of the left recurrent 
laryngeal nerve and aortic arch 
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Fig. 11.48. Topography of the left recurrent 
laryngeal nerve and aortic arch, schematic 
drawing 
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As mentioned previously, the tho¬ 
racic aorta is found in the posterior 
mediastinal cavity. It begins at the 
aortic arch and ends in front of the 
lower border of the 12th thoracic 
vertebra at the aortic hiatus in the 
diaphragm, entering the abdominal 
cavity. It is situated on the left of 
the vertebral column and ap¬ 
proaches the median line as it 
descends. At its termination, it lies 
directly in front of the column. The 
esophagus lies on the right side of 
the aorta in the upper part of the 
thorax, but in the lower part of the 
thorax it is located in front of the 
aorta and close to the diaphragm, 
which is situated on its left side 
(see Figs. 11.49 and 11.50). 

This distal relationship between 
the aorta and the esophagus was 
examined in the specimen shown 
in Fig. 11.49 and the corresponding 
drawing (Fig. 11.50). Note that the 
aorta enters the diaphragm to the 
left and behind the esophagus. 
Before entering the opening in the 
diaphragm, the esophagus turns 
away from the column. Note that 
this normal anatomical situation 
may be altered by extensive dilata¬ 
tion of the aorta, in which case the 
esophagus may be pushed posteri¬ 
orly, behind and to the right of the 
aorta. 


Fig. 11.50. Aortic and esophageal hiatuses as 
seen following posterolateral thoracotomy, 
schematic drawing 
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Fig. 11.49. Aortic and esophageal hiatuses as seen following posterolateral thoracotomy 
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The segmental branches of the tho¬ 
racic aorta will now be discussed. 
In Fig. 11.51 and its corresponding 
drawing (Fig. 11.52), the middle 
section of the aorta has been dis¬ 
sected away from the surrounding 
tissue, revealing the segmental ar¬ 
teries and their origins. There are 
usually nine pairs of aortic inter¬ 
costal arteries, which arise from the 
back of the aorta and are redistrib¬ 
uted to the lower nine intercostal 
spaces. On the presented case, one 
can see that the arteries originate 
from the posterior surface of the 
aorta (Figs. 11.51 and 11.52). 

Fig. 11.51. The segmental branches of the 
thoracic aorta 
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Fig. 11.52. The segmental branches of the thoracic aorta, schematic drawing 
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In Fig. 11.53 and the schematic 
drawing (Fig. 11.54), the aorta has 
been retracted to the left, exposing 
the esophagus. The esophagus is 
positioned on the right side of the 
thoracic column, which descends 
down between the esophagus and 
the thoracic duct toward the left ve¬ 
nous angle. Note that the azygos 
vein is positioned on the lateral 
right edge of the vertebral column 
(Figs. 11.53 and 11.54). 


Fig. 11.53. Topography of the thoracic aorta 
and esophagus 
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Fig. 11.54. Topography of the thoracic aorta 
and esophagus, schematic drawing 



Lifting of the middle section of the aorta away from the 
vertebral column exposes the relationship between the 
segmental arteries and the azygos and hemi-azygos 
veins (see Figs. 11.55 and 11.56). The hemi-azygos vein 
is positioned at the left anterior side of the vertebra; it 
communicates with the azygos vein, which is at the right 
side of the aorta. The segmental arteries of the aorta 
cross the veins as superficial structures. 


The azygos vein begins opposite the first or second lum¬ 
bar vertebrae as a branch of the ascending lumbar vein. 
The vein enters the thorax through the aortic hiatus in 
the diaphragm. It passes along the right side of the ver¬ 
tebral column to the fourth thoracic vertebra, where it 
arches forward over the root of the right lung, and ends 
in the superior vena cava, just before that vessel pene¬ 
trates the pericardium. In the aortic hiatus, it 
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Fig. 11.55. Exposure of the azygos and hemi-azygos veins, retroaortic position 


two veins is shown in Fig. 11.55. 
The accessory hemi-azygos vein 
descends on the left side of the ver¬ 
tebral column, its size varying in¬ 
versely with the highest left inter¬ 
costal vein. It receives veins from 
the three or four intercostal spaces 
between the highest left intercostal 
vein and the highest tributary of 
the hemi-azygos vein; the left bron¬ 
chial vein sometimes opens into it. 
It either crosses the body of the 
eighth thoracic vertebra to join the 
azygos vein, or ends in the hemi¬ 
azygos vein. When this vein is small, 
or altogether lacking, the left high¬ 
est intercostal vein may extend as 
low as the fifth or sixth intercostal 
space. 
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Fig. 11.56. Exposure of the azygos and hemi-azygos veins, retroaortic position, schematic drawing 


lies with the thoracic duct on the right side of the aorta; 
in the thorax, upon the intercostal arteries, on the right 
side of the thoracic duct (see also Fig. 11.55). The hemi¬ 
azygos vein begins in the left ascending lumbar or renal 
vein. It enters the thorax through the left crus of the dia¬ 
phragm, and ascends on the left side of the vertebral col¬ 
umn. At the level of the ninth thoracic vertebra, the vein 
passes across the column, behind the aorta, esophagus, 
and thoracic duct, to end in the azygos vein. This anasto¬ 
mosis between the 


Note that in the case of obstruction of the superior vena 
cava, the azygos and hemi-azygos veins are the princi¬ 
pal means by which the venous circulation is continued, 
connecting as they do, the superior and inferior vena 
cavae, and communicating with the common iliac veins 
via the ascending lumbar veins and with many of the 
tributaries of the inferior vena cava. 
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11.3 The Celiac Trunk 

11.3.1 General Anatomy of the 
Celiac Trunk 

The celiac trunk arises from the ab¬ 
dominal aorta immediately below 
the aortic hiatus, or in some cases 
at the diaphragmatic opening. The 
origin of the trunk may be project¬ 
ed at the level of the intervertebral 
space between the 12th thoracic 
and 2nd lumbar vertebrae. The 
trunk is covered by the lesser omen¬ 
tum. On the right side, it is related 
to the right celiac ganglion and the 
caudate process of the liver. On the 
left side, it is in contact with the left 
celiac ganglion and the cardiac end 
of the stomach. Below, the trunk 
borders the upper edge of the pan¬ 
creas, and the splenic vein. The to¬ 
pography of the celiac trunk is pre¬ 
sented on a dry-dissected specimen 
in Fig. 11.57 and its corresponding 
schematic drawing (Fig. 11.58). The 
lesser omentum and the hepatodu¬ 
odenal ligament have been re- 
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Fig. 11.57. Topography of the celiac trunk, dry-dissected specimen 
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Fig. 11.58. Topography of the celiac trunk, schematic drawing 
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lobes VIII and V down to the inferior vena cava. Conse¬ 
quently, the inferior vena cava has been exposed from 
the diaphragm down to the level of the duodenum (Fig. 
11.57). The portal vein, common bile duct, and the 
proper hepatic artery have also been removed (Fig. 
11.57). After removal of the liver and the lesser omen¬ 
tum, the soft tissue of the retroperitoneal space between 
the lesser curvature of the stomach and the first seg¬ 
ment of the liver has been dissected. At the very superfi¬ 
cial level, we find the left and right gastric veins, which 
represent the two major venous drainage vessels of the 
lesser curvature. Both veins commence the veinous 
drainage from the small coronary veins on the anterior 
and posterior surfaces of the lesser curvature. The left 
gastric vein may be found at the level of the cardia in 
the gastropancreatic fold, running inferiorly to the celi¬ 
ac trunk and parallel to the proper hepatic artery, and 
drains into the portal vein from its dorsal side. This 
vein is seen clearly on the specimen in Fig. 11.57. The 
right gastric vein is found at the inferior part of the he¬ 
patoduodenal ligament, crossing the gastroduodenal ar¬ 
tery and finally opening into the portal vein (Fig. 11.58). 
At the lesser curvature, the left gastric vein is seen run¬ 
ning toward the antrum, where it joins with the right 
gastric vein. The celiac trunk is found behind the afore¬ 
mentioned venous arborization. Note that the anterior 
gastric plexus may be found at the lesser curvature, be¬ 
ing positioned just inferior to the cardia. 


The same topographical situation as presented previous¬ 
ly, but with the inferior vena cava lifted away to facilitate 
exposure of the celiac plexus and the ganglia, is shown in 
Figs. 11.59 and 11.60. The celiac plexus is the largest of 
the three sympathetic plexuses. It is situated at the level 
of the upper part of the first lumbar vertebra and com¬ 
prises two large ganglia, the left and right celiac ganglia. 
However, the very dense network of nerve fibers uniting 
these two ganglia is also a part of the plexus. The two 
ganglia are presented on the schematic drawing in Fig. 
11.60. On the dry-dissected specimen (Fig. 11.59), the 
right celiac ganglion is positioned behind the inferior ve¬ 
na cava. The positions of both ganglia are indicated by a 
dashed line. Note that the left ganglia are positioned to 
the left of the celiac trunk (Fig. 11.59). The left ganglion 
also surrounds the root of the superior mesenteric artery. 
Both ganglia have the appearance of lymph glands and 
are placed on either side of the midline in front of the 
crura of the diaphragm, close to the suprarenal glands. 
The upper part of each ganglion is joined by the greater 
splanchnic nerve, while the lower part, which is segment¬ 
ed off and named the aorticorenal ganglion, receives the 
lesser splanchnic nerve and gives off the greater part of 
the renal plexus (Figs. 11.59 and 11.60). The plexus and 
the ganglia receive the greater and lesser splanchnic 
nerves of both sides and some filaments from the right 
vagus, and give off numerous secondary plexuses along 
the neighboring arteries. 
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Fig. 11.59. Topography of the celiac trunk and celiac ganglia, dry-dissected specimen 


We will now focus on the muscular 
morphology of the aortic hiatus. 
The left and right crura of the dia¬ 
phragm play an essential role in the 
formation of the aortic and esopha¬ 
geal hiatuses. The specimen shown 
in Fig. 11.61 and the corresponding 
schematic drawing in Fig. 11.62 
show the aortic hiatus of the dia¬ 
phragm. The left and right celiac 
ganglia have been exposed. The ve¬ 
nous plexus was dissected. Conse¬ 
quently, only the initial part of the 
abdominal aorta with the celiac 
trunk has been exposed. The main 
branches of the trunk are seen. One 
can see that the trunk is positioned 
just below the aortic hiatus of the 
diaphragm, and as such indicates 
the beginning of the abdominal 
aorta (Fig. 11.61). The trunk passes 
nearly horizontally forward, and 
divides into three large branches: 
the left gastric, the hepatic, and the 
splenic arteries (see Fig. 11.61). The 
morphological variants of the trunk 
will be discussed later in this chap¬ 
ter. 
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Fig. 11.60. Topography of the celiac trunk and celiac ganglia, schematic drawing 
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Fig. 11.61 . Topography of the celiac trunk and aortic hiatus 
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The aortic hiatus is found at the 
lumbar part of the diaphragm, and 
is created by the left and right cru¬ 
ra. At their origins, both crura are 
tendinous in structure, and blend 
with the anterior longitudinal liga¬ 
ment of the vertebral column. The 
right crus is larger and longer than 
the left, and originates from the an¬ 
terior surfaces of the bodies and in¬ 
tervertebral fibrocartilage of the 
upper three lumbar vertebrae (Fig. 
11.62). The left crus arises from the 
corresponding parts of the upper 
two lumbar vertebrae only. The me¬ 
dial tendinous margins of the crura 
pass forward and medially, and 
meet in the midline to form an arch 
across the front of the aorta (see 
Fig. 11.62). The fibers of the crura 
diverge as they ascend, the most 
lateral being directed upward and 
lateral to the central tendon. The 
aortic hiatus is the lowest and most 
posterior of the large apertures of 
the diaphragm. It lies at the level of 
the 12th thoracic vertebra. Strictly 
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Fig. 11.62. Diaphragm, inferior view 
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speaking, it is not an aperture in 
the diaphragm, but rather an osse- 
oaponeurotic opening between the 
diaphragm and the vertebral col¬ 
umn, and therefore lies behind the 
diaphragm. Occasionally, some ten¬ 
dinous fibers reach across the bod¬ 
ies of the vertebrae from the medial 
parts of the lower ends of the crura 
and pass behind the aorta, thus 
converting the hiatus into a fibrous 
ring. The hiatus is situated slightly 
to the left of the midline, and is 
bounded in front by the crura, and 
behind by the body of the first lum¬ 
bar vertebra. The aorta, the azygos 
vein, and the thoracic duct pass 
through this hiatus. 

In the next stage of the dissec¬ 
tion, the connective tissue posi¬ 
tioned over the aorta in the hiatus 
was removed, revealing the celiac 
trunk and the superior mesenteric 
artery (Figs. 11.63 and 11.64). The 
celiac trunk originates from the 
very initial part of the abdominal 
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Fig. 11.63. Origin of the celiac trunk and superior mesenteric artery 
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Fig. 11.64. Topography of the celiac 
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schematic drawing 
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Fig. 11.65. Origin of the celiac trunk; cross section of the abdomen at the level of the 12th thoracic vertebra, superior view 


aorta, which is located in the aortic hiatus. The origin of 
the superior mesenteric artery is inferior to the trunk. 
Note that the superior edge of the pancreas has been 
dissected, exposing the portal vein, which is located 
behind the head of the pancreas and is connected to the 
splenic and superior mesenteric veins (Fig. 11.63). The 
splenic vein is posterior to the superior edge of the pan¬ 
creas (Figs. 11.63 and 11.64). 


Fig. 11.65 shows a cross section of the abdomen at the 
level of the 12th thoracic vertebra;, the abdominal cavity 
is viewed from the superior aspect. The abdominal aorta 
is covered by the left and right crura; this corresponds to 
the aortic hiatus (Fig. 11.65 arrow). The origin of the ce¬ 
liac trunk is also seen in Fig. 11.65, wherein the inferior 
vena cava is behind the first segment of the liver. 
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1. Celiac trunk 

2. Left gastric artery 

3. Common hepatic artery 

4. Splenic artery 

5. Superior mesenteric artery 

6. Dorsal pancreatic artery 



The morphological variants of the celiac trunk are 
shown in Fig. 11.66. Normally (i.e., 73-90% of cases), the 
celiac trunk is formed by the common hepatic, left gas¬ 
tric, and splenic arteries (Fig. 11.66a). If the left gastric 
artery arises as an independent vessel that branches off 
from the abdominal aorta; the celiac trunk gives off on¬ 
ly the hepatic and splenic arteries (Fig. 11.66b). In some 
cases, the superior mesenteric artery also arises from 
the celiac trunk (Fig. 11.66c), in which case the left gas¬ 
tric artery is also an independent branch arising from 
the aorta. Finally, the condition wherein the vessel is 
formed by the standard celiac trunk and the superior 
mesenteric artery is known as the truncus celiacome- 
sentericus (Fig. 11.66d). 


According to Adachi’s data, the splenic and left gastric 
arteries originate as a common artery arising from the 
abdominal aorta in 0.4% of cases. Furthermore, in this 
morphological variant, the common hepatic and superi¬ 
or mesenteric arteries also arise from the common trunk 
(Fig. 11.66d). The gastrosplenic trunk is presented in 
Fig. 11.66e, wherein the left gastric and splenic arteries 
arise together. In this case, the common hepatic artery 
is absent and is replaced by either the left or right acces¬ 
sory hepatic artery, which arise from the large superior 
mesenteric artery. 
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Fig. 11.67. Exposure of the hepatogastric ligament 


11.3.2 Surgical Anatomy 
of the Celiac Trunk 


The celiac trunk may be exposed by 
using a superior median laparoto¬ 
my or with the aid of a bilateral 
subcostal incision. The midline in¬ 
cision is slightly easier to perform, 
and the required structures are all 
found in the midline. On the other 
hand, the subcostal incision pro¬ 
vides excellent exposure to the up¬ 
per abdomen. However, the abdo¬ 
men is usually routinely explored 
to exclude any other intra-abdomi¬ 
nal pathology and to assess the sta¬ 
tus of the bowel. We now describe 
the supraceliac aorta and the celiac 
trunk, as revealed using the superi¬ 
or median laparotomy procedure 
(see Chap. 2 for details). 

The supraceliac aorta is exposed 
by taking down the left triangular 
ligament of the liver and reflecting 
the left lateral liver segment to the 
patient’s right side. The exposure 
may be facilitated if the patient is 
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Fig. 11.68. Topography of the hepatogastric ligament and great curvature, schematic drawing 
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positioned in a reverse Trendelen¬ 
burg position. In doing so, the he- 
patogastrics ligament is exposed, as 
presented in Fig. 11.67 and the cor¬ 
responding schematic drawing 
(Fig. 11.68). In this view, the re¬ 
tracted liver is positioned on the 
left, and the view of the surgeon is 
inferior. The stomach and esopha¬ 
gus are on the right and superior, 
and the hepatogastric ligament is 
represented as fatty tissue in the 
middle of the exposed area (Figs. 
11.67 and 11.68). In the next step, 
the hepatogastric ligament must be 
incised. Note that in about 25% of 
cases, the replaced left hepatic ar¬ 
tery, which arises from the left gas¬ 
tric artery, courses through the lig¬ 
ament. On the other hand, care 
should be taken to avoid injury to 
the esophagus; however, this may 
be easily identified by the presence 
of the nasogastric tube or insertion 
of a transesophageal echocardiog¬ 
raphy probe. 

Dissection of the hepatogastric 
ligament brings the esophageal hia¬ 
tus into view. This situation is seen 
in Figs. 11.69 and 11.70. On the pre¬ 
sented specimen, the esophagus is 
seen in the middle of the hiatus. 
The left and right borders of the hi¬ 
atus are formed by the diaphragmal 
musculature, which represents the 
crossed left and right medial crura. 
Note that after leaving their origin, 
the muscular fibers of the left and 
right crura pass forward and medi¬ 
ally, and meet in the midline to 
form an arch across the aorta. This 
arch is positioned behind the 
esophagus and must be identified 
before exposing the aorta. For this 
purpose, the esophagus must be 
mobilized and elevated. The risk of 
this maneuver is damage to the 
ventral phrenic nerve and the ante¬ 
rior gastric plexus, which run along 
the anterior surface of the esopha¬ 
gus and the stomach (Fig. 11.70). 
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Fig. 11.69. Esophageal hiatus and cardia 
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Fig. 11.70. Esophageal hiatus and cardia, schematic drawing 
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Fig. 11.71. Mobilization of the esophagus and cardia 


Note here that the left gastric artery 
runs toward the lesser curvature of 
the stomach. It is important to 
know that the left gastric artery 
gives rise to the vessels supplying 
the abdominal part of the esopha¬ 
gus; this morphological situation is 
presented in Fig. 11.70, wherein the 
mobilized esophagus has been ele¬ 
vated and pulled to the right 
(Fig. 11.71), exposing the superior 
border of the aortic hiatus. 

To facilitate the exposure, the 
esophagus should be elevated using 
two tourniquets and pulled to the 
left side (Fig. 11.71). A large pro¬ 
portion of the diaphragm muscula¬ 
ture crossing over the aorta covers 
the corresponding segment of the 
abdominal aorta (Fig. 11.72). Note 
this is interior to the esophagus. 
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Fig. 11.72. Exposure of the aortic hiatus and 
intermediate crus of the diaphragm (head 
on left side) 
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To expose the supraceliac aorta, 
these muscles must be incised in a 
vertical direction, as shown sche¬ 
matically in Fig. 11.73. Note that the 
aorta is positioned directly inferior 
to the musculature. In some cases, 
the pleura of the left lung may be 
entered here. At the next layer, a 
dense neurofibrous tissue is seen 
inferior to the diaphragm muscle; 
this represents the tissue of the left 
celiac ganglion. 


Fig. 11.73. Incision of the aortic hiatus 
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It is preferable to dissect a suitable 
segment of the supraceliac aorta for 
good exposure (see Fig. 11.74 and 
the corresponding drawing in 
Fig. 11.75). In Fig. 11.74, the celiac 
trunk has been exposed and isolat¬ 
ed from the surrounding tissues. 

The origin of the trunk, which is 
found at the very inferior part of 
the exposed aorta, is retracted by 
tourniquet. Note that exposure of 
the celiac axis may be facilitated by 
retracting the lesser curvature infe- 
riorly (Fig. 11.74). From the surgi¬ 
cal point of view, it is preferable 
to dissect the entire celiac axis, in¬ 
cluding the branches of the celiac 
trunk, such as the left gastric, splen¬ 
ic, and common hepatic arteries, 
thus facilitating the distal end-to- 
end anastomosis. Note that the- 

Fig. 11.74. Exposure of the supraceliac part of 
the aorta 
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oretically, there is no need to ex¬ 
pose the entire circumference of 
the supraceliac artery. If a proximal 
anastomosis of the extra-anatomic 
bypass end-to-side technique is 
used, only a side clamping is per¬ 
formed. However, it is preferable to 
place a circumpherential tape 
round the aorta to facilitate the ini¬ 
tial side-clamp technique and to se¬ 
cure the vessel. 


Fig. 11.75. Exposure of the supraceliac part 
of the aorta, schematic drawing 



The circumpherential dissection of 
the aorta is demonstrated in Fig. 
11.76 and the corresponding sche¬ 
matic drawing (Fig. 11.77). The aor¬ 
ta is lifted by using two umbilical 
tapes, thus exposing the posterior 
surface. Note also the course of the 
segmental lumbar branches (Figs. 
11.76 and 11.77). 


Fig. 11.76. Segmental branches of the supra¬ 
celiac aorta 














11.3 The Celiac Trunk 503 


Fig. 11.77. Segmental branches of the supraceliac aorta, 
schematic drawing 
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11.4 The Thoracoabdominal Aorta 



In this section we describe the surgical anatomy of the 
thoracoabdominal segment of the aorta. The operative 
strategies and indications of the open and endovascular 
procedures are addressed in other surgical textbooks. 
The exposed segment of the aorta described in this chap¬ 


ter corresponds to the Crawford classification of the 
thoracoabdominal aneurysm. The utilized approach is 
the thoracoabdominal incision, which is described in 
detail in Chap. 2. After the sixth intercostal space is 
opened and a medial laparotomy is performed, retrac¬ 
tors are inserted to allow constant 
exposure. The first stage is inspec¬ 
tion of the thoracic aorta, and in 
particular the transition between 
the aortic arch and the descending 
aorta (Fig. 11.78). Here, the left lung 
has been retracted to facilitate ex¬ 
posure of the thoracic aorta seg¬ 
ment. Note that the aorta is covered 
by the parietal pleura; in this mor¬ 
phological situation, it is not easy 
to clearly identify the important 
structures that are positioned in 
close proximity to the aorta. The 
accessory azygos vein is a very 
important landmark for identifying 
the course of the phrenic and vagal 
nerves. The anatomical situation is 
seen clearly on the schematic draw¬ 
ing in Fig. 11.79. 
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Fig. 11.78. Area of the aortic arch and descending aorta 
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Fig. 11.79. Area of the aortic arch and descending aorta, schematic drawing 
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At this point of the surgery, it is 
very important to consider the lo¬ 
cal morphological situation when 
performing proximal cross clamp¬ 
ing. Furthermore, it is also suggest¬ 
ed that the course of the esophagus 
should be identified at this stage. 
This is easier when a nasogastric 
tube or transesophageal echo probe 
has been introduced. Note that the 
position of the esophagus may be 
altered by an extensive aneurysma¬ 
tic extension of the aorta. In the 
next step, the diaphragm is divided, 
as described in Chap. 2. In most 
cases, the diaphragm is opened in a 
circular fashion to protect the 
phrenic nerve and to preserve as 
much of the diaphragm as possible. 
A 3- to 4-cm rim of diaphragmatic 
tissue is left laterally and posterior¬ 
ly to facilitate closure when the 
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Fig. 11.80. Transition between the thoracic and abdominal aortae 
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Fig. 11.81 . Transition between the thoracic and abdominal aortae, schematic drawing 
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operation is complete. The abdominal aortic segment is 
then exposed via a retroperitoneal approach; the retro- 
peritoneum is entered laterally to the left colon. A dis¬ 
section plane is developed in the retroperitoneum, ante¬ 
rior to the psoas muscle and posterior to the left kidney. 
This situation (i.e., entering the abdominal cavity in 
front of the left psoas musculature and behind the peri¬ 
toneum) is presented in Fig. 11.80, in which the transi¬ 
tion between the thoracic and abdominal aortae has 


been exposed. The esophagus is positioned in front of 
the abdominal aorta (Figs. 11.80 and 11.81). A cross sec¬ 
tion of the left crus may be seen left and inferior to the 
transition between the thoracic and abdominal aortae. 
After circular dissection of the diaphragm, the left crus 
must be transected, thus exposing the retroperitoneal 
part of the abdominal aorta (Figs. 11.80 and 11.81). 
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Fig. 11.82. Abdominal aorta and its terminal segment 


specimen (Fig. 11.82) and schematic 
drawing (Fig. 11.83). Note here that 
the positions of the colon and the 
spleen cannot be clearly identified 
(Fig. 11.82). During surgery, it is es¬ 
sential to identify the course of the 
left ureter in order to avoid damag¬ 
ing it. This is facilitated by identifi¬ 
cation of the left kidney. Note that in 
the retroperitoneal approach, as pre¬ 
sented in Figs. 11.82 and 11.83, the 
ureter runs diagonally from the kid¬ 
ney toward the pelvic space. Howev¬ 
er, in the hostile abdomen, identifi¬ 
cation of the ureter is facilitated by 
the preoperative insertion of the 
transvesical “J” probe. 
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Fig. 11.83. Abdominal aorta and its terminal segment, schematic drawing 


The retroperitoneal space is dissected down to the pel¬ 
vic space. Dissection within this plane extends directly 
to the left posterolateral aspect of the abdominal aorta, 
exposing the bifurcations of the aorta and the left com¬ 
mon iliac artery (Figs. 11.82 and 11.83). The left colon, 
the spleen, the left kidney, and the ureter are retracted 
anteriorly and to the right (these structures are not 
exposed, thus the peritoneum is not opend). The most 
superficially positioned of these organs is the left kid¬ 
ney with the ureter, as seen clearly on the dissected 
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The aortic arch and the transition 
toward the descending aorta is dis¬ 
sected from the surrounding tissue, 
exposing the left vagal, left recur¬ 
rent, and left phrenic nerves (Figs. 
11.84 and 11.85). Knowledge of the 
anatomy of the distal aortic arch is 
very important, otherwise damage 
may be incurred during cross clamp¬ 
ing of all three of the aforemen¬ 
tioned nerves. Note that the phrenic 
nerve runs superficially relative to 
the accessory azygos vein; the vagal 
nerve is positioned inferior to the 
vein, which is a very important 
landmark for identification of both 
of these nerves. Damage to the 
recurrent nerve must be avoided in 
patients with chronic obstructive 
pulmonary disease and reduced 
pulmonary function. To facilitate 
its identification, the vagal nerve 
may be dissected below the level of 
the recurrent nerve, this maneuver 
providing additional mobility of 
the nerve, thereby protecting it 
from injury (see Figs. 11.84 and 
11.85). In most cases, cross clamp¬ 
ing is preformed distal to the left 
subclavian artery; however, if 
clamping proximal to the left sub¬ 
clavian artery is anticipated, this 
vessel must be separately and cir¬ 
cumferentially mobilized to enable 
placement of a bulldog clamp (see 
Figs. 11.84 and 11.85, where the 
branches of the aortic arch have 
also been isolated from the sur¬ 
rounding tissue). 
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Fig. 11.84. Topography of the aortic isthmus 
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Fig. 11.85. Topography of the aortic isthmus, schematic drawing 
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In the following specimen, the aortic 
ligament has been dissected, and the 
aortic arch circumferentially mobi¬ 
lized and elevated from the thoracic 
column (Figs. 11.86 and 11.87). The 
course of the recurrent laryngeal 
nerve may be traced. The vagal 
nerve gives off the recurrent nerve 
distal to the aortic ligament; after 
encircling the aorta, the nerve runs 
in an incisure between the trachea 
and the esophagus. This situation is 
seen clearly on the schematic draw¬ 
ing in Fig. 11 .87. Note that the esoph¬ 
agus is identified intraoperatively, 
and that the position of the laryn¬ 
geal nerve must also be identified. 

Fig. 11.86. Run-off of the left recurrent 
laryngeal nerve 


Aortic arch 


Ligamentum 

arteriosum 


Thoracic- 

aorta 

Recurrent- 

laryngeal nerve 



-Left 

common carotid 
artery 

-Vagal nerve 


Left subclavian 
artery 


Left brachiocephalic vein 


Corrford 


-Second and third intercostal arteries 

- Accessory hemi-azygos vein 

Fig. 11.87. Run-off of the left recurrent 
laryngeal nerve, schematic drawing 
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After mobilization of the descending 
aorta, the segmental branches are 
dissected (Figs. 11.88 and 11.89). The 
relationship between the aorta, the 
segmental branches, and the hemi¬ 
azygos vein is described in detail in 
Sect. 11.3. 


Fig. 11.88. Segmental branches and the 
hemi-azygos vein 



Anastomosis between Superior lobe 

Thoracic artery azygos and hemi-azygos vein of left lung 


Accessory 

hemi-azygos 

vein 


Intercostal 

arteries 


Costal 

pleura 


Anterior Hemi-azygos vein 

longitudinal 

ligamentum 


Intercostal 

vein 


Anterior - 

longitudinal 

ligament 

Hemi-azygos 

vein 

Intercostal — 
veins 



— Left lung, 
superior lobe 


- Thoracic 
aorta 

Intercostal 

arteries 


- Accessory 

hemi-azygos vein 

— Costal pleura 


Fig. 11.89. Segmental branches and the hemi-azygos vein, schematic drawing 
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Thoracic aorta Hemi-azygos vein Accessory hemi-azygos vein 

Fig. 11.90. Relationship between the esophagus and the thoracic aorta 


Diaphragm Esophagus 


Aortic arch 


In Figs. 11.90 and 11.91, the aorta 
has been retracted to the left, reveal¬ 
ing its relationship to the esophagus. 
The esophagus lies in front of the 
thoracic aorta at the point where it 
enters the abdominal cavity. 

On the cross sections shown in 
the Appendix, one can observe the 
relationship between the thoracic 
aorta and the esophagus. This can 
be traced from Fig. 12.7, where the 
relationship between the aortic 
arch and the esophagus is seen 
down to their emergence into the 
abdominal cavity. Note that the 
cross sections are seen from the 
inferior perspective. 
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Fig. 11.91. Relationship between the esophagus and the thoracic aorta, schematic drawing 
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The abdominal aorta has then dis¬ 
sected in order to identify the most 
important visceral branches. In 
Figs. 11.92 and 1.93, the first branch 
of the celiac trunk, which is posi¬ 
tioned inferior to the diaphragm, 
has been identified and its entire 
circumference dissected and iso¬ 
lated with a single purse-string 
suture. In the presented case, the 
superior mesenteric artery is an 
independent artery whose origin 
was also identified. In the cross 
section of the abdominal cavity 
shown in Fig. 12.9, the superior 
mesenteric artery is seen as a vessel 
positioned in the fat tissue behind 
the pancreas and in front of the 
abdominal aorta. 
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Fig. 11.92. The branches of the abdominal 
aorta 
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Fig. 11.93. The branches of the abdominal aorta, schematic drawing 


Further dissection of the abdominal aorta allows identi¬ 
fication of the left renal artery, and on the right side, the 
right renal and inferior mesenteric arteries (Figs. 11.92 
and 11.93). The aorta has been liberated down to its 


bifurcation, which is in most cases found between the 
fourth and fifth lumbar vertebrae. The left common 
iliac artery has also been exposed. 
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Fig. 11.94. Relationship between the thoracoabdominal aorta and the inferior vena cava 


In Fig. 11.94, the aorta has been ele¬ 
vated from the lumbar column and 
the segmental lumbar branches ex¬ 
posed; these branches correspond to 
the segmental intercostal arteries 
(Figs. 11.94 and 11.95). Elevation of 
the aorta in this way exposes the in¬ 
ferior vena cava. It is essential to 
take note of the relationship between 
the two large vessels; aneurysmatic 
dilatation of the aorta may shift the 
inferior vena cava anteriorly. When 
manipulating the artery, care must 
be taken not to lesion the inferior 
vena cava, as this may prove fatal. 
The relationship between the inferi¬ 
or vena cava and the abdominal aor¬ 
ta is also seen on cross section in 
Figs. 12.9,12.10,12.11,12.12, and 
12.13. The bifurcation of the aorta is 
seen on Figs. 12.13 and 12.14. 
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Fig. 11.95. Relationship between the thoracoabdominal aorta and the inferior vena cava, schematic drawing 
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Fig. 12.11.a Cross section of the abdomen at the second lumbar vertebra, b Schematic drawing 
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Fig. 12.13.a Cross section of the abdomen at the 4th lumbar vertebra, b Schematic drawing 
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AP anteroposterior 

AVN atrioventricular node 
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NCS noncoronary sinus 

OMB obtuse marginal branches 

PDA posterior descending artery 

RA right atrium 
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arterial mesocardium 277 
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artery of Adamkiewicz 479 

ascending aorta 20,47,203,221,235,268,269,273,274,286,301, 
321,327,337,345,348,350,353,355,456,459,460,466,468,469 

- aneurysm 220, 276 

- elongated 281 

- tubular part 247 
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- branching part 451,453 

- penetrating part 451 

C 

cardiac vein 199, 422 
carpus 137 
celiac 

- ganglion 491, 500 

- plexus 492 


- trunk 491, 492, 495, 496, 500, 511 
celiacomesentericus 497 

central tendon 239, 240 
cephalic vein 8, 10, 13, 143 
cervical fascia 14 

chordae tendinae 290, 292, 293, 298, 299, 324 

- muscularization 300 
circumflex branch 162, 311 
classification of Carpentier 302 
clavicle 2, 6, 8, 33 

colon 506 
commissural 

- area 305 

- curtain 292 

- leaflet 297 

- zone 252, 292, 299, 300, 306, 309, 319, 324, 343, 349 
common carotid artery 110 

conal ligament 188 
conoid ligament 13 
conus 

- artery 168-170, 191, 195, 204 

- branch 169, 171, 178 

- vein 208 
coracobrachialis 13 

coracoclavicular fascia 7 
coronary 

- angiogram 210, 415, 416, 431, 433, 439 

- artery 162, 165, 173,205 

- blood supply 197 

- bypass graft 110 

- fossa 191, 195, 205, 206, 460 

- groove 162 

- ostium 162, 165, 166, 246 

- perfusion 170 

- sinus 107,162,163,173, 195,199, 204, 206, 208, 237, 249, 270, 
339 

- leaflet 339 

- opening 400, 442 

- ostium 340, 354, 400 

- wall 264 

- sulcus 208, 222 

- vein 205, 229 
costocervical trunk 18,113 
costoclavicular ligament 13 
costotransverse process articulation 81 
cremasteric artery 153 

crista terminalis 394 
crux 192, 194, 197 
cubital fossa 135 

D 

deep 

- inguinal ring 153 

- intercostal muscle 28 

- palmar arch 135 

- thoracic region 6 

- volar branch 135 
deltoid muscle 6, 8, 34 
deltoideopectoral 

- sulcus 6, 8, 13 

- triangle 8 
dermatome 3 

descending aorta 461, 464, 466, 475, 478, 482, 486, 509 
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diagonal 

- artery 227 

- branch 168, 176, 184, 185, 187, 233 

diaphragm 2, 90-92, 107, 119, 129, 239, 240, 456, 480, 487, 492, 
505 

- aortic hiatus 489 

- crura 493 

- cupule 203 

- left cupola 81 
diaphragmal surface 180 

- of the heart 180 

- of the left ventricle 180,184 
distal aortic arch 507 
double ostium 271 

ductus 

- arteriosus 463 

- deferens 153 
duodenum 147, 148, 150, 151 

E 

Eisenmenger’s syndrome 200 
endothoracic fascia 28, 29, 112, 130 
epigastrium 150 
esophageal 

- artery 480 

- hiatus 480 
esophagogram 468 

esophagus 22, 91,463,468,476,478,480,483,487,499, 500, 508, 
510 

Eustachian valve 347 
external 

- fascia 59 

- iliac artery 153 

- intercostal muscle 24, 27, 68 

- jugular vein 16 

- oblique abdominal muscle 27, 29 

- oblique muscle 36, 87 

- occipital protuberance 33 

- pubic artery 157 

- spermatic artery 157 
extra-anatomic bypass 501 

F 

falciform ligament 107, 150, 240 
fascia 6 

femoral artery 153,156 
fibrous 

- extensions 309 

- skeleton 250 

- of the aortic root 250 

- of the heart 250 

- tissue 252 

- trigone 166, 168, 184, 206, 251, 252, 254, 292-295, 304, 309, 
312, 313, 316, 328, 343, 412, 440 

fila of Henle 256,309,315 
flexor carpi radialis 136, 142, 143 
foramina venarum minimarum 199 
fundus of stomach 90 

G 

gallbladder 150 
gastric 

- artery 497,500 

- plexus 499 


gastroduodenal artery 147,151 
gastroepiploic 

- artery 148, 149 

- branch 147 
gastrosplenic 

- ligament 148 

- trunk 497 

great cardiac vein 199, 205-207, 229, 263 
greater curvature 148-150 

- of the stomach 151 

H 

heart conducting system 253, 445 
hemi-azygos vein 200, 478, 485, 489 
hepatic artery 499 
hepatogastric ligament 499 
hilum 226 

His bundle, see bundle of His 
humerus 8, 10 
hyoid bone 18 

I 

iliac artery 506 
iliohypogastric nerve 157 
inferior 

- cervical ganglion 22 

- epigastric artery 153, 155, 157 

- median laparotomy 156 

- papillary muscle 387, 389 

- phrenic artery 119 

- pulmonary vein 208 

- T sternotomy 377, 398 

- thyroid artery 114,480 

- vena cava 107, 268, 285, 322, 327, 337, 347, 353, 512 

- opening 400 

- valve 400 

inframammary region 66 
infraspinal fascia 33 
infraspinatus 34 

infundibulum 162, 167, 168, 172, 178, 191, 196, 222, 286, 358, 
359, 361, 362, 367, 372, 375, 457 

- anterior wall 365, 380 

- deep-positioned 367 

- depressed 367, 368 

- elevated 370 

- lateral wall 369 

- left lateral wall 363, 367 

- low-positioned 367 

- musculature 360, 361 

- posterior wall 258, 266, 364, 369, 375, 380, 384, 385 

- right lateral wall 268, 363 
inguinal 

- canal 153 

- ligament 153, 156 
interatrial 

- band 182 

- bundle 438 

- groove 322 

- septum 254, 337, 340, 342, 351, 394, 400, 431, 433, 434, 437, 
443 

- anterior edge-line 254 

- inferior border 260 

- inferior limb 347 

- sulcus 257,322,328,331,334 
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intercostal 

- artery 18, 465, 512 

- muscle 54, 87, 89 

- nerve 7 

intercostalis suprema 18 
intercostobrachial nerve 8 
internal 

- intercostal muscle 24,27,100,101 

- jugular vein 14, 16 

- mammary artery 121 

- oblique abdominal muscle 29 

- thoracic artery 7, 12, 29, 46, 54, 81, 106, 110, 112, 
120, 130 

- thoracic vein 131 

- thoracic vessel 59,101 
interosseous artery 140 
intervalvular 

- attachment 310 

- segment 306, 307, 310 

- triangle 164, 246, 248, 253, 309 

- trigone 252, 253 
interventricular 

- groove 168, 208 

- septum 163, 164, 169,197, 290, 385, 391, 408, 409, 
444, 448 

- blood supply 413, 415 

- membranous part 306,307,408,451 

- muscular part 445 

- musculature 413 

- venous drainage from the superior part 201 

- sulcus 167, 408 
intrajugular 

- ligament 45, 49, 62 

- vein 45, 46 

inverse T sternotomy 281 
isthmus 463,475 

J 

J sternal incision 273 
J sternotomy 326, 329, 345, 350 

- minimally invasive 276 
jugular 

- notch 18,45,47,49 

- vein 18 

- venous arch 18 
junctional 

- attachment 308 

- zone 306-308 

- of the anterior leaflet annulus 313 

K 

kidney 506 

Koch’s triangle 260, 351, 354, 441, 442 

L 

Lancisi muscle 375 
laparotomy 85, 105 
laryngeal nerve 508 
lateral 

- antebrachial cutaneous nerve 143 

- chest wall 77 

- papillary muscle 169 

- thoracic artery 18, 121 

- thoracic fascia 6, 9 


- umbilical fold 154 

latissimus dorsi 13, 33, 34, 38, 67, 76, 80 
left 

- anterior descending branch 162 

- anterior thoracotomy 227,231 

- atrium 173, 183, 305 

- oblique vein 200, 208 

- roof 200 

- common carotid artery 20 

- conus artery 188 

- coronary artery 

i, 118, - main stem 272 

- great cardiac vein 201 

- coronary ligament 107 

- coronary root 168 

- coronary sinus 162,171,177,296 

- aneurysm 256, 258 

- liver lobe 240 

- lung 82 

- main branch 162 

- main bronchus 465 

- ostial process 255, 256, 262 

- ostium, highly positioned 279 

, 423, - proper hepatic artery 147 

- rectus abdominis 90 

- sinus 177 

- subclavian artery 20 

- thoracic part 22 

- superior process 440 

- ventricle 168, 187, 222 

- diaphragmal part 192 

- diaphragmal surface 228 

- inflow and outflow tract 291, 319 

- lateral aspects 227, 230 

- lateral musculature 298 

- opening 305 

- outflow tract 246 

- posterior superior process 440 

- posterior wall 293 

- posterolateral wall 291 

- ventricular musculature 305 

- Vieussens’ artery 188 
levator scapulae 35 
ligamentum 

- arteriosum 463, 464, 474, 484, 485 

- nuchae 33, 39 
linea 

- alba 42, 46, 52, 55, 85, 90, 102, 150, 157 

- arcuata 157 

liver 105, 150, 239, 240 
long thoracic nerve 10 
lumbodorsal fascia 35 
lung 80, 96, 226 

- hilum 226 
lunula 261, 359, 360 

- coaptation 275 
lymph gland 492 

M 

manubrium 63 
marginal 

- area 180 

- artery 192, 198, 224, 230 

- branch 178, 182, 192, 193, 230, 435 
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- vein 107, 203, 224, 238 
medial 

- anterior thoracic nerve 12 

- axillary line 121 

- circumflex femoral artery 153 

- profundocircumflex trunk 153 

- sternotomy 421 
median 

- cardiac vein 241 

- laparotomy 85, 156 

- neck fascia 18 

- nerve 144 

- sternotomy 220, 268, 392, 468 
mediastinal 

- branch 120, 125, 129 

- lymph node 120 

- pleura 116 
membrane 250 

membranous septum 163,184, 316, 390, 391, 409,411,412,440, 
442, 444, 445, 447, 451,453 
metacarpal bone 135 
mid-clavicular line 66 
middle cardiac vein 223, 228 
middle colic artery 149 
minithoracotomy 336 

- limited-access 336 
mitral 

- leaflet 292 

- annulus 293 

- commissural parts 298 

- valve 164, 255, 263, 290, 291, 301, 303, 305, 307, 323, 349, 445 

- annulus 292, 293, 295, 449 

- anterior leaflet 164, 168, 247, 254, 263 

- appositional zone 300 

- atrial surface of the anterior leaflet 264 
-attachment 263,302,306,312,444 

- implantation 168 
-leaflet 290,298,314 

- left lateral annulus 296 

- mural leaflet 292 

- opening 305 

- ostium 294 

- papillary muscles 423 

- posterior leaflet 299 

- ring annuloplasty 449 

- ventricular layer 264 

- wall 201 

- annulus 168 

moderator band 365, 384-386, 410, 453 

Mohrenheim’s space 8 

muscular septum 265, 291, 408, 411, 424 

- blood supply 415 

- infundibular part 410 
musculophrenic 

- artery 119 

- branch 121 
myocardial 

- bridge 182, 184 

- infarction 421 

N 

natural cardiac pacemaker 437 
nipple 6, 66, 75, 95 
nodulus Aranti 261 


nonappositional leaflet 319 

noncoronary sinus 162, 163, 165, 168, 172, 246, 254, 274, 275, 
287, 308,310, 320 

- aneurysm 260 

- annulus 294 

- attachment 294 

0 

obturator artery 153 
obtuse 

- margin 179, 181, 200, 203, 206, 208, 224 

- marginal branch 178 

- marginal vein 202 
occipital protuberance 33 
omentum 105 
omoclavicular triangle 110 
omohyoid muscle 14, 16, 35 
orientation line 3 
osseoaponeurotic opening 480, 495 
ossification center 119 

ostial 

- attachment 309 

- process 296 

- zone 304, 306 
ostium 

- of the conus branch 271 

- of the coronary sinus 183, 354, 394 

- of the left coronary artery 272 

- of the left ventricle 250, 251, 293, 302, 313 

- of the mitral valve 332 

oval fossa 340, 341, 350, 394, 400, 441 

- anterior limb 395 

- inferior edge 347 

- inferior limb 341, 353, 400, 441 

- limb 350 

- superior anterior area 394 

- superior limb 395 

P 

palm 141 

pancreas 147, 148, 496, 511 
papillary 

- annular integrity 298 

- muscle 290,293,295,299 
- apex 298 

parasternal line 66, 68, 85, 90 

paravertebral muscle 88 
parietal 

- band 364, 384, 385, 389, 452 

- pleura 47, 111, 130 
patent arterial duct 80 
pectoralis 

- fascia 6, 53, 63 

- major 6, 8, 10, 14, 28, 53, 58, 62, 67, 76, 96, 103 

- minor 7, 10,14 
perforating 

- artery 123, 126 

- branch 121, 122, 124 
pericardiacophrenic artery 133 
pericardial 

- incision 226 

- recess 470 
pericardiophrenic 

- artery 333,481 
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- branch 119 

- vein 333 

pericardium 47, 70, 71, 73, 117 

- arterial mesoderm 472 

- inferior right recess 327 

- venous mesoderm 472 
peritoneum 92 

phrenic nerve 18,110,119,134,226,231,236,333,334,336,457, 
462, 465, 483, 504 
phrenicopericardial angle 284 
platysma 14 
pleura 16, 80, 96 
pleural cupule 110,134 
posterior 

- atrial branch 182 

- cardiac vein 202, 203, 422 

- commissural zone 309, 332 

- commissure 320, 323 

- conal branch 188 

- descending branch 228, 241, 291, 417, 421 

- descending coronary artery 408 

- descending sulcus 223 

- fascicle 424 

- infundibular wall 367, 369 

- infundibulum 386 

- interatrial septum 338 

- interatrial sulcus 322, 327 

- intercostal membrane 24 

- intervalvular triangle 172, 251, 254, 296, 312-314, 390 

- interventricular artery 192, 290 

- interventricular groove 168,181,202,207,422 

- interventricular sulcus 196,197,223,291 

- leaflet 297, 299, 305, 325, 401, 402 
- annulus 305 

-attachment 311 

- mediastinum 82 

- papillary muscle 290, 292, 300, 320, 389, 395, 452 

- pulmonary sinus 358, 364, 385 

- septal artery 447 

- superior process 193 

- ventricular branch 447 
posterolateral 

- branch 187 

- commissure 295, 310, 325 

- descending artery 181 

- leaflet 388, 389, 395 

- papillary muscle 344 

- vein 207, 224 

- wall 290 
postinfarction 

- septal wall rupture 421 

- ventricular septal defect 421 
presternal 

- fascia 6 

- region 42,49 
preventricular 

- artery 169 

- branch 191 

primary septum defect 184 
profunda 

- brachii 136 

- cervicalis 18 
pronator 

- quadratus 136, 137 


- teres 135 

proper hepatic artery 492 
prosthesis implantation 449 
pubic branch 153 
pulmonary 

- artery 229, 268, 269, 372, 373, 457, 460, 465, 475 

- bifurcation 372, 377, 378 

- branch 195 

- bulb 459 

- hilus 462 

- infundibulum 414 

- leaflet 360, 374, 379 

- recess 469 

- root 162, 167-169, 172, 177, 184, 188, 220, 221, 249, 257, 336, 
358, 360, 362, 373, 374, 459, 460, 469 

- anterior commissure 249 

- posterior commissure 258 

- sinus 191, 359 

- stenosis 167 

- trunk 47, 162, 167, 175, 184, 203, 226, 232, 255, 321, 330, 346, 
349, 363, 365, 371, 377, 378, 457, 460, 465, 470 

- valve 374, 375, 377 

- bifurcation 378 

- valvular stenosis 378 

- vein 224, 328, 472 
pyloric branch 149 
pylorus 148, 150 

R 

radial 

- artery 135, 136, 140, 141, 145 

- neck 140 

- nerve 136 

- styloid 142, 145 
radial-artery harvesting 146 
radicular artery 479 
rectal abdominal muscle 24 
rectus 

- abdominis 29, 31, 46, 55, 67, 100, 106, 154, 157 

- sheath 6, 86, 88, 103, 132, 155, 157 
recurrent 

- laryngeal nerve 508 

- nerve 20,22,463,484,486 

- radial artery 136 
renal 

- artery 511 

- plexus 492 

rete sternale, see also sternum 6 
retropulmonary segment 162,184 
retrosternal 

- lymphoid gland 112 

- space 47 
rhomboideus 34 
right 

- atrium 107, 174, 192, 203, 236, 237, 388 

- coronary artery 

- opening 271 

- posterior part 436 

- coronary ostium 271 

- coronary sinus 162, 168, 169, 171, 257, 274, 306 

- dominance 198 

- gastroepiploic branch 147 

- intervalvular triangle 306 

- marginal area 238 
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- marginal branch 242 

- marginal vein 204 

- pulmonary sinus 359 

- sinus 174 

- ventricle 168, 169, 222 

- anterior wall 385 

- anterolateral wall 259 

- inflow and outflow tract 366, 385 
-outflow part 191 

- outflow segments 363 

- posterolateral wall 390 

- sinus part 387 

Ross procedure 189, 190, 360, 367, 414 

S 

scaleni 14 

scalenotracheal fossa 110 
scalenus 

- anterior 16, 110 

- medius 18 
scapula 8, 33, 35, 74, 84 

- coracoid process 10 

- transverse ligament 35 
scrotum 153 

segmental lumbar branch 512 
septal 

- artery 169, 170, 177, 413-415 

- band 364, 375, 376, 453 

- superior part 376 

- leaflet 388, 389, 401, 402 

- anterior arch 449 

- anterior commissure 442, 449 

- anterior part 388 

- attachment 260, 390, 391, 441 

- muscular part 388 

- posterior part 395 

- perforating branch 184 

- sulcus 337 

- wall 290 

septomarginal trabecula 291 
septum 

- apical part 423 

- basal part 424 

- blood supply 408 

- infundibular part 410 

- membranous part 388,408,451 

- muscular part 409,410 

- musculature 413, 414 

- posterobasal part 421 

- wall, anterior part 408 
serratus 35 

- anterior 8, 10, 31, 37, 76 

- fascia 6 

- lateralis 35 

single coronary artery 196 
sinoatrial node 339, 346, 392, 428 

- artery 170,428,431 
-type A 431 

- type B 432 

- type C 434 

- type D 435 

- type E 436 

- type F 437, 438 


sinotubular junction 164, 165, 167, 247, 262, 278, 313, 359, 378 
sinus 174 

- of Valsalva 162, 165,246 

- venosus 428 

- wall 165 
small 

- anterior vein 203 

- cardiac vein 204, 208 

- venous branch 205 

spinal column 74, 84, 88, 102, 464 
splanchnic nerve 465, 478, 492 
spleen 506 
splenic 

- artery 147, 148, 493 

- vein 496 
sternal 

- artery 123, 124, 126 

- blood supply 124 

- branch 119, 122, 125, 126 

- incision 47 

- line 235 

- notch 49 

- ossification zone 124 

- perforating 131 

- periosteum 45 
sternoclavicular 

- articulation 18, 110 

- joint 45 

- junction 16 

sternocleidomastoid muscle 14, 16, 45 
sternocostal 

- angle 46, 106 

- joint 7, 134 

- junction 12, 49, 57, 68 

- recess 121 

- triangle 121 

sternohyoid muscle 14,117,133 
sternopericardial ligament 47 
sternothyroid muscle 117,133 
sternotomy 42, 118, 220 

- superior partial T sternotomy 49, 51 
sternum 6, 8, 24, 42, 47, 49, 51, 103, 117, 119 
stomach 148, 149, 150, 500 

- fundus 90 

styloid process 135, 140 
subclavian 

- artery 12, 13, 16, 110, 132, 463, 483, 507 

- costocervical trunk 478 

- vein 13, 16, 129, 132-134 
subclavius 14 
subiculum cordis 46 
subscapular area 33 
subvalvular 

- apparatus 324, 344 

- membrane 252,253,294,296,302,303,305,309,312-315,415 

- valve 290 

superdominant left blood supply 197 
superficial 

- dorsal fascia 32 

- fascia 6 

- of the neck 6 

- jugular vein 16 

- neck fascia 18 

- palmar arch 140, 141 
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- radial nerve 145 

- thoracic region 3 

- volar carpal branch 137 
superior 

- epigastric artery 88, 118, 121, 155 

- epigastric vein 154 

- laparotomy 105 

- lobe 100 

- median laparotomy 239 

- mediastinum 20, 457 

- mesenteric artery 147,492,495,497,511 

- papillary muscle 259, 364, 366, 376, 384 

- septal artery 367 

- transseptal approach 352, 439 

- vena cava 20, 134, 203, 221, 235-237, 268, 269, 274, 285, 322, 
327, 328, 330, 334, 337, 345, 353, 428, 433, 434 

supinator 136 
supraceliac aorta 498, 500 
supraclavicular 

- nerve 8 

- triangle 14 
suprajugular 

- notch 18 

- space 18 
suprarenal gland 492 
suprascapular artery 35,113,114 
supraspinal ligament 39 
suprasternal notch 42 
sympathetic 

- chain 81 

- plexus 492 

- trunk 465, 478 

T 

tendon of the flexor carpi radialis 142 
teres major 13, 34 

terminal sulcus 339, 346, 350, 353, 393, 399, 433 
tetralogy of Fallot 167, 191, 200, 373 
Thebessian 

- valve 247 

- vein 199, 200 
thoracic 

- aorta 80, 82, 456, 475, 477, 482, 487, 488, 510 

- cavity 91 

- duct 22,478,480,490,495 

- ganglia 465 

- incision 68 

- region 2 

- space 88 

- vertebra 2, 110 

- vessel 59 
thoracoabdominal 

- aneurysm 504 

- aorta 92 

thoracoacromial artery 8 
thoracodorsal artery 10 
thoracoepigastric vein 12, 67 
thoracolumbar fascia 32 
thoracotomy 66, 88, 227 
thorax 2,89,117 

- ventral regions 3 

- wall 2, 6 
thumb 137 


thymic branch 116,132 
thymus 116 

- gland 117 

- remnant 20 

- triangle 116 
-vein 20,47,117 
thyrocervical trunk 113 
thyroid gland 18, 117 
trachea 22, 117,463,508 

- anterior wall 463 
transdiaphragmatic approach 239 
transverse 

- abdominal muscle 29 

- cervical artery 113,114 

- fascia 157 

- pericardial sinus 277, 459, 460, 472 

- sinus 472 

transversus thoracis 29, 100, 111, 112, 130 
trapezius 33,34 
Trendelenburg position 223 
tricuspid 

- leaflet 315,339,365,386 

- anterior leaflet 384 

- valve 162, 168, 174, 184,191, 192, 340, 386, 388, 394, 397, 400, 
408, 440 

- annulus fibrosus 191, 452 

- anterolateral commissure 259 

- anterolateral leaflet 191, 396 

- anterolateral segment 389 

- attachment 443 

- leaflet 388 

- posterolateral leaflet 396 

- posterolateral segment 389 

- replacement surgery 390 

- septal leaflet 390, 415, 441, 443 

- subvalvular apparatus 375, 380 

U 

ulnar artery 135-137, 141, 144 
umbilicus 102 
upper mediastinum 460 
ureter 506 
uterus 153 

- round ligament 153 

V 

vagal nerve 20, 462, 463, 480, 483-485, 504 

valve of Thebesius 207 

vena cava 240 

venous angiogram 204 

ventricular 

- musculature 252 

- ostium 208, 146, 250, 312, 358 

- outflow tract 167 

- septum 375, 384 

- defect 375, 380 
vertebral 

- artery 113,468 

- column 24 
Vieussens’ 

- anastomosis 189 

- ring 195 

- valve 208 



Subject Index 543 


visceral artery 92 
volar carpal branch 136 
volar is indicis radialis 140 


X 

xiphoid 

- branch 

- process 


118 

2, 28,31,42, 46, 55, 102 



